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Studying the growth and population dynamics of a coral species is important for 
understanding its ecology, but information on coral demography in subtropical areas 
like Hong Kong is very limited. This thesis research focused on the study of the 
growth and population dynamics of a coral species, Oulastrea crispata, in Tung Ping 
Chau Marine Park (TPCMP) for four and half years. In mid 1997，several big 
granite rocks were left in the shallow subtidal water in A Ye Wan (AYW), TPCMP 
after a temporary pier was dismantled. Oulastrea crispata was the dominant 
species found recruited on these granite rocks. Three of these granite rocks and six 
permanent quadrats on the natural sedimentary rocks were selected haphazardly for 
the monitoring of the growth and population dynamics of this coral species. 
Sampling was carried out seasonally. Video technique was used to monitor changes 
in the size of Oulastrea crispata colonies. The rates of recruitment and mortality, 
the frequency of partial mortality, seasonal and annual growth, changes in the 
population structure of Oulastrea crispata colonies and their interaction with 
macroalgae were monitored. 
Oulastrea crispata belongs to the family of Faviidae. It forms flat and round colony. 
Recruitment of this coral species was recorded every season on the three 
experimental granite rocks but its rates fluctuated seasonally, with the highest rate 
recorded in 2000 winter (7.72 土 1.25 recmits/m^), and the lowest in 2002 autumn 
(0.34 士 0.30 recruits/m^). The annual rate of recruitment on the three experimental 
granite rocks was more or less the same over the four and a half years of sampling. 
Recruitment was not recorded every season on the natural substratum. It also 
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highly fluctuated seasonally. The recruitment rate was highest in 2000 winter (4.67 
士 5.89 recruits/m^), and lowest in 2001 spring and 2002 spring (0 recruits/m^). 
Recruitment rate was not affected by coral density. The fluctuation in recruitment 
rate may be due to the variation in coral larval availability. 
The whole colony mortality was also variable seasonally on the three experimental 
granite rocks, with the lowest mortality rate recorded in 2001 winter (1.64%) and the 
highest in 1999 summer (10.11%). The variation of annual mortality rate on the 
three experimental granite rocks was not so high. The mortality rate on the natural 
substratum was highest in 2000 winter and 2001 winter (2.69%), and lowest in 2001 
spring, 2001 autumn, 2002 summer and 2002 autumn (0%). The whole colony 
mortality rate for different cohorts of corals recruited on the three experimental 
granite rocks was high at the beginning, within a short period after recruitment, and 
then stabilized after several seasons. Much more juvenile colonies suffered whole 
colony mortality while most mature colonies suffered partial mortality. The 
possible factors causing coral mortality included overgrowth by algae, sedimentation 
and competition with other sessile organisms. 
Sigmoid curves or quadratic equations were best fitted (with the highest r^) to 
describe the different growth curves of Oulastrea crispata colonies over time. At 
the beginning, the growth was slow. This was followed by a faster growth rate that 
eventually slowed down. The absolute growth rate of colonies on the three 
experimental granite rocks was the highest in winter (0.361 士 0.135 cmV100 days) 
and was significantly different from the lowest absolute growth rate in autumn (0.074 
士 0.249 cmV100 days). This implies that the growth of this coral species was not 
enhanced by high light nor warmer temperature as would be the case in other tropical 
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species. Growth of this species may be affected by sedimentation or the cost of 
reproduction. Reproduction is continuous throughout the year in this species. 
More energy may have been allocated to reproduction in the warmer months, hence 
less energy for growth. 
Four growth parameters, colony area, perimeter, geometric diameter and corallite 
number, were evaluated to see which one was better in measuring coral growth. 
These four parameters were inter-correlated. All of them were suitable for 
measuring coral growth, but area was the best parameter for the growth analysis of 
Oulastrea crispata as it showed the highest mean correlation with the other three 
parameters. It also performed better under the situation where partial mortality 
would result in the fragmentation of the coral colony. 
The population structure of Oulastrea crispata on the experimental granite rocks was 
highly skewed to the right in normal arithmetic scale and was mainly normally 
distributed in a log-transformed scale. The population structure of Oulastrea 
colonies on the natural substratum was also normally distributed in a log-transformed 
scale. The size structure of Oulastrea crispata on the three experimental granite 
rocks was unstable as most of the individuals were young. In comparison, the size 
structure of Oulastrea crispata on the natural substratum was more fixed as the 
corals had been recruited on the substratum for quite a long time. 
The effect of macroalgae on the population dynamics of Oulastrea crispata was 
evaluated by setting up three manipulated treatments, i.e. treatments with algal 
clearance, without algal clearance and disturbance controls. The manipulated 
treatments showed that the presence of macroalgae caused reductions in the 
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recruitment rates and the absolute growth rates, and increases in the partial mortality 
frequency of the corals. Lobophora variegata was the crustose alga that affected 
the population dynamics of Oulastrea crispata the most. The pre-emption of space 
by Lobophora variegata reduced the recruitment of Oulastrea crispata. The 
overgrowth of macroalgae smothered the colonies of Oulastrea crispata and even 
killed part or the whole of a colony, such that the growth rate was reduced and the 
partial mortality frequency was increased. 
This thesis research is the first long term (> 2 years) study on a coral species in Hong 
Kong. Similar long term study on the population dynamics of other coral species 
are needed in order to better understand the biology of Hong Kong coral 
communities. This type of baseline information is critical for the design of 
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波動。最高的新增率是在2000年冬天記錄到(7.72 ± 1.25新增個體/平方米），而 
最低的新增率是在2002年秋天記錄到(0.34 ± 0.30新增個體/平方米)。在被硏究 
的三塊花阔岩上’周年的新增率在這四年半中沒有多大的變化。在天然的沉積 
岩上，新增率並不是每季都記錄到的，但是它在季節間的波動卻很大。新增率 
最高是在2000年冬天(6.47 ± 5.89新增個體/平方米），而最低新增率是在2001 
年和2002年的春天記錄到(0新增個體/平方米)。結果顯示，在被硏究的三塊花 
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Chapter One - General introduction 
Chapter 1 
General introduction 
1.1 Studies on coral population dynamics 
A population is defined as a group of individuals from the same species occupying a 
particular space at the same time, while population dynamics is the change in the 
number of individuals within the population over time (Krebs 2001). The study of 
population dynamics therefore involves monitoring changes in the number of 
individuals within the population, including the rates of birth, death, immigration and 
emigration. Growth is defined as the change in the size of each individual within 
the population. Understanding the growth and population dynamics of organisms is 
important for the study of their ecology (Steams 1976，1977). Whether the 
population is increasing or decreasing will depend on a few key parameters. If 
recruitment rate of the population is higher than its mortality rate, then the population 
will be increasing as more juvenile individuals will be added into the population to 
replace the dead ones. The reverse will be true if the mortality rate is higher. 
Coupling with the information on changes in population size structures, one may 
know if the population is stable or if it is going extinct (Bak & Meesters 1998， 
Gofifredo et al. 2004). At the level of individuals within the population, the growth 
curve will provide information about how fast the individuals grow. With the aid of 
fecundity data, it will be possible to assess the time when these individuals will reach 
sexual maturity, and contribute to the increase in population size by producing 
offspring (Babcock 1991). For mobile individuals, emigration and immigration can 
further contribute to the dynamics of the population. Thus, the growth of individuals 
and population dynamics are closely linked and are critical in the understanding of 
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the ecology of the organisms. 
Before the study on growth and population dynamics of a particular species can be 
carried out, it is important to identify the living modes of individual organisms in the 
population first (Hughes & Jackson 1985，Babcock 1991, Chadwick-Furaian et al. 
2000，Gofifredo et al. 2004). Individual organisms can be divided into two living 
modes, unitary or modular. For unitary organisms, each individual develops from a 
zygote directly with a predictable form and development. Mammals, fish, birds and 
insects are all examples of unitary organisms. On the other hand, the zygote of a 
modular organism develops into many repeatable units, the modules (or ramets in 
botanical literature (Harper 1977)). Each modular organism is formed by cloning 
the modules repeatedly. There is a great variation in the size and structure of these 
modules. Most plants, hydroids, sponges and corals are examples of modular 
organisms. A lot of demographic analytical techniques were first developed for 
unitary organisms (Deevey 1947). However, it is difficult to apply many of these 
techniques or approaches on modular organisms because of their complex life history. 
In unitary organism, age of each individual is used for demographic study, but it is 
difficult to determine the age of modular organisms due to factors like fission, fusion 
and partial mortality (Hughes & Jackson 1985). Corals are modular organisms 
which are formed by repeating modules, the polyps. If some polyps in a colony are 
dead, the other polyps can still survive and function on their own. A coral colony 
may also be fragmented into pieces, at any stage of their growth by different factors, 
to form numerous daughter colonies which originated from the same zygote. Thus, 
the age of a coral colony is difficult to determine if they are not followed periodically 
starting from the time they are first recruited. As a consequence, size may be a 
more reliable parameter than age in studying the population ecology of modular 
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organisms. Plant ecologists have successfully tackled these problems by using 
methods based on size rather than age (Caswell 1982, Kirkpatrick 1984). Marine 
ecologists have also successfully applied size as the parameter in demographic 
analysis in corals (Hughes 1984, 1985，Babcock 1991). Hughes (1984) applied 
size-related parameters based on a modified Leslie matrix to analyze the life history 
of Agaricia agaricites. Meesters et al. (2001) analyzed the population structure of 
13 Caribbean coral species based on their sizes. 
Some coral species rarely undergo fission or fusion, and their partial mortality can be 
easily observed due to the distortion of their regular growth pattern. It is possible to 
apply age specific demographic analysis on these sorts of corals (Chadwick-Furman 
et al. 2000，Goffredo et al. 2004). Some corals with compact branching such as 
Pocillopora are amenable for age specific analysis (Grigg 1984). Moreover, coral 
age can be estimated in some free-living corals, like Fungia (Chadwick et al. 2000， 
Goffredo & Chadwick-Furman 2003) and Siderastrea (Lewis 1989)，from the growth 
bands which are visible externally. In addition, the age of corals can be determined 
from the growth bands using X-ray radiographic technique so age-based growth and 
population dynamic models can be applied (Babcock 1991，Logan & Anderson 1991). 
Babcock (1991) used both age and size to study the population demography of three 
scleractinian corals, Goniastrea aspera, G. favulus and Platygyra sinensis. Hence, 
the relationship between age and size in these corals was established. Both age- and 
size-specific growth and population dynamic models can thus be applied to analyze 
the demographic variations in the populations of coral species (Grigg 1984，Bak & 
Meesters 1998, Goffredo & Chadwick-Furman 2003, Goffredo et al. 2004). 
Most studies on coral population dynamics focused on coral species in tropical areas 
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like the Caribbean and Indo-Pacific regions where coral growth is optimal. But 
corals are also found in subtropical areas like Hong Kong and information on coral 
population dynamics in subtropical region is very limited. In Hong Kong, no 
research has been carried out to study the detailed population dynamics of any coral 
species although the growth of a few species has been studied (Collinson 1997，Lam 
2000, Wong 2001). Hong Kong is a fringing area for coral growth. Corals have to 
tolerate the extreme physical conditions, such as the low temperature in winter (14°C) 
and the low salinity in summer due to heavy rainfall. Thus the ecology of Hong 
Kong corals may be different from that of those in tropical areas, and the study of 
coral ecology in Hong Kong can provide the information needed to enable 
comparison to be made between the ecology of corals from the two regions. 
Furthermore, demographic study of Hong Kong corals can also provide the 
information needed for better management of these corals, especially in marine parks 
where corals are the main target organisms for conservation and protection. An 
understanding of the population growth dynamics is essential in making predictions 
on coral community recovery from damages brought about by human or physical 
disturbances. The size structure of the coral populations can also reveal if the coral 
community is under stress and if any mitigating measure is needed. 
High temperature change between summer (30°C) and winter (14°C) allows both 
temperate and tropical marine species to survive in Hong Kong. Due to the 
influence of fresh water outflow coupled with sediments from the Pearl River in the 
west region, the distribution of corals in Hong Kong is confined to its eastern and 
northeastern parts, where the clear and oceanic water environment is much more 
suitable for the growth of corals (Morton and Morton 1983). Corals in Hong Kong 
do not form extensive reef system. They only form scattered communities of ‘ 
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various sizes in the eastern and northeastern coastline. Based on a recent reference 
collection study, 84 hermatypic corals have been recorded in Hong Kong (Ang et al. 
2003). The composition of scleractinian corals in Hong Kong is rather unique. 
Corals which are very common in the tropics, such as the species of Pocillopora, are 
absent. In contrast, those corals which are uncommon in the tropics, such as 
Platygyra acuta and Platygyra carnosus，are highly abundant. 
This thesis research focuses on the population dynamics of a coral species in Hong 
Kong. Oulastrea crispata, which is commonly found in both tropical and subtropical 
regions, is the target organism. The study was carried out in Tung Ping Chau Marine 
Park where human activities are restricted. It is an ideal place to study the biology 
of corals. 
1.2 The study site 
Tung Ping Chau (TPC) (22�32’N，114�25,E) is an outlying island situated in the 
northeastern part of New Territories, Hong Kong Special Administrative Region 
(HKSAR), China (Fig. 1.1). This island is renowned for its unique sedimentary 
rock formations. It is relatively far from the urban area so has less human 
disturbances. The public is only able to visit this island during weekend or public 
holidays since the ferries are available only during those days. The water around 
TPC is relatively clean and less turbid. The annual seawater temperature is between 
14 in winter and 30 °C in summer and the annual salinity ranges from around 26% 
in summer to 35%o in winter (Ang et al. 2000). Corals are highly abundant in the 
north to northeastern side of the island. Instead of corals, macroalgae, mainly 
Sargassum spp.，are the dominant species on its south to southeastern coast. Tung 
Ping Chau has been designated as the fourth marine park in Hong Kong in November, 
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2001. Within the TPC Marine Park, A Ma Wan (AMW) and A Ye Wan (AYW) were 
further designated as the core areas because of the high cover of corals in these two 
sites (Figs. 1.2). The coral coverage in TPC is the highest when compared with 
other sites in Hong Kong. Tarn (1998) identified 37 heraiatypic scleractinians 
belonging to nine families in TPC with a total cover of 51.8%. In a more recent 
study (Ang et al.，2003), 65 coral species were identified. Platygyra spp. are the 
most dominant species, followed by Leptastrea purpurea, Pontes lutea, and Pavona 
decussata. 
A Ye Wan, located in the north northeastern side of Tung Ping Chau (Figs. 1.1，1.2)， 
has 45.8% coral cover. The scleractinian corals dominated the shallow water but 
the coral cover does not extend to a depth of -10m C.D.. The corals are most 
abundant in the area ranging from -Im C.D. to -4m C.D (Ang et al. 2000). There is 
a sand belt around the area of -2m C.D.. Platygyra carnosus and Platygyra acuta 
are the most dominate coral species followed by Pontes lobata and Leptastrea 
purpurea. 
In early 1997，a temporary pier was built in A Ye Wan for the construction of a radar 
station on Tung Ping Chau Island. Once the radar station was built in mid 1997, the 
pier was torn down leaving several pieces of big granite rocks under the water. 
Most granite rocks are in dimensions of 3m length x 2m width x Im height. These 
rocks provide a good medium for marine organisms，including corals, to settle. 
These rocks also serve as a good medium for the study of the succession of marine 
organisms. In 1998 summer, coral recruits were observed on these granite rocks. 
Three big granite rocks were selected haphazardly as the study substrata to monitor 
coral recruitment and growth. The study started in 1998 summer and is an on going 
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project to date. Several coral species were found to recruit on these granite rock 
surfaces. These species included Platygyra spp.，Favia spp.，Favites spp., Pontes 
spp., Goniastrea aspera and Oulastrea crispata. Most of these species have 
massive growth form except Oulastrea crispata’ which is encrusting. 
1.3 The experimental organisms 
Oulastrea crispata was the target organism in this thesis research. It was the first 
coral species to recruit on the immersed granite rocks. In fact it is a pioneer species 
that recruits on any new space that is opened up so its recruitment can be determined 
easily. Oulastrea crispata has small and round calices (Fig. 1.3). It belongs to the 
family Faviidae. The colour of Oulastrea is distinctly different from that of other 
common coral species. Instead of white in colour, its skeleton is chocolate brown 
with overlying white septa. It is hence given a common name as the Zebra coral 
(Kawaguti & Sakumoto 1952). A high concentration of Fe，A1 ions and minor 
elements including Sc V，Cr, Br, Ag, I, La, Ce，Sm，Hf，TH, and U were found in the 
skeletal pigment. This accounts for the unique colouration of its skeleton 
(Kawaguti & Sakumoto 1952). Oulastrea is distributed from the tropical regions 
like the Indian Ocean and southeast Asia to the temperate region of central Japan, its 
northem-most limit (Veron 2000, Yajime, et al. 1986). It can survive under very 
harsh environmental conditions, like heavy siltation, high algal cover, low salinity 
and cold temperature. 
Oulastrea crispata was chosen as the study organism in this research partly because 
of its flat and simple growth form. Most coral species have three dimensional 
growth forms, such as massive, branching or foliaceous. Their growth is difficult to 
measure since they have three dimensional structures that cannot be accurately 
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measured by using two dimensional parameters like length, area and perimeter or 
their other derivatives like geometric diameters. Thus, their growth cannot be 
easily determined based on two dimensional images. Oulastrea crispata has very 
little upright development, so its growth rate can be measured more accurately by 
image analysis based on two dimensional parameters. The fate of Oulastrea 
crispata can be followed so its age can be determined. An age- and size-based 
population dynamics of this species can thus be more easily monitored. Studying 
the growth and population dynamics of Oulastrea crispata, especially the 
relationship between age and size, can therefore provide the basic information 
needed to understand coral biology. This can serve as a stepping stone for the study 
of other coral species with more complicated growth forms and life history. 
1.4 Objectives 
This study therefore aimed to: 
- determine the population dynamics of Oulastrea crispata, including the 
pattern of its seasonal variation in recruitment, mortality and growth. 
- evaluate the best parameters that can be used for measuring growth in the 
coral Oulastrea crispata 
一 examine the effect of other parameters, like the presence of algae, on the 
population dynamics of Oulastrea crispata. 
1.5 Outline of the thesis 
This thesis is divided into 5 chapters. The content of each chapter is briefly 
summarized below: 
Chapter 1. General introduction 
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This chapter provides background information of studies on coral population 
dynamics, and a description of the study site, the experimental organism Oulastrea 
crispata and the objectives of this research. 
Chapter 2. The patterns of recruitment and mortality of Oulastrea crispata 
This chapter analyzed the seasonal and annual patterns of recruitment and mortality 
of Oulastrea crispata. The factors which cause the variation in recruitment and 
mortality were suggested. 
Chapter 3. The growth of Oulastrea crispata 
In this chapter, the parameters best used to describe the growth of Oulastrea crispata, 
including colony area，perimeter, corallite number and geometric diameter, were 
evaluated. The growth of each cohort recruited in every season from 1998 to 2002 
was followed. The change in the size structures of the population from 1998 
summer to 2002 autumn was examined. 
Chapter 4. The effect of algae on the population dynamics of Oulastrea 
crispata 
This chapter describes the results of experiments carried out to evaluate the effects of 
algae on the recruitment, mortality and growth of Oulastrea using three treatments, 
i.e. treatments with algal clearance, without algal clearance and disturbance controls. 
Chapter 5. Summary and Perspectives 
This chapter sums up the findings in this research. Some suggestions are given for 
further study of the population dynamics of Oulastrea crispata and other coral 
species. 
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Figure 1.1 The location of the study site, A Ye Wan, in Tung Ping Chau, HKSAR. 
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Figure 1.2 An aerial view photo and a map of Tung Ping Chau showing the 
location of two core areas, A Ye Wan and A Ma Wan. The boundaries of two core 
areas are showed by the dotted lines. 
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Figure 1.3 Pictures showing the experimental organism, Oulastrea crispata. (A) a 
large Oulastrea crispata colony with 2.5 cm in diameter (B) two young colonies of 
Oulastrea crispata with scale showing the size of the polyps. 
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Chapter 2 
The patterns of recruitment and mortality 
of Oulastrea crispata 
2.1 Introduction 
2.1.1 Recruitment 
Coral is a marine invertebrate with a planktonic larval stage called planima. After 
spawning, coral planulae search for suitable substratum to settle. Benthic ecologists 
defined settlement as a process by which a larva changes from a planktonic to a 
sessile organism (Rodriguez et al. 1993) or the point at which a larva attaches itself 
to a substratum (Keough & Downess 1982), while recruitment refers to the stage at 
which the new living juveniles in a community are censused (Connell 1985). 
However, newly settled coral individuals are small in size, generally less than 2mm 
in diameter (Van Moorsel 1983, Babcock 1985) except for some species like 
Bulanophyllia elegans (Gerrodette 1979，1981). Such a small size is hard to be 
seen with naked eyes in the field. If corals are recruited on removable settlement 
plates, they can be observed under the microscope in the laboratory even if their size 
is smaller than 2mm. Coral recruitment that is determined microscopically is called 
"non-visible recruitment" (Wallace 1983). The minimum size of new recruits that 
can be observed in the field by naked eyes is about 2mm in diameter (Wallace et al. 
1986). Coral recruitment determined in the field by eyes is referred to as "visible 
recruitment" (Wallace 1983). 
Corals can reproduce both asexually and sexually. Asexual reproduction may be 
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through budding or fragmentation. Sexual reproduction involves the release of eggs 
and sperms, followed by the process of external fertilization to form larvae. Corals 
exhibit two sexual forms: hermaphroditism vs. gonochorism. Hermaphroditism 
means both sexes are found within a coral colony, while gonochorism means sexes 
are separate on different colonies. Based on the mode of gamete release, corals are 
classified as either broadcast spawners or brooders. Overall, there are four ways of 
sexual reproduction in corals. These are gonochorism with broadcast spawning 
(Stoddart and Black 1985), gonochorism with planulae brooding (Kojis & Quinn 
1981)， hermaphroditism with broadcast spawning (Soong 1991) and 
hermaphroditism with planulae brooding (Rinkevich & Loya 1979). Some coral 
species may have a mixed mode of broadcast spawning and brooding (Ward 1992). 
Sometimes the sexual form of a species may be different in different geographical 
regions (Harrison & Wallace 1990, Richmond & Hunter 1990). 
After spawning, coral larvae will search for suitable substratum to settle. Once a 
suitable place is found, the coral larvae will undergo metamorphosis. They secrete 
the organic matter at the attachment point, followed by the formation of the epitheca, 
which is the first skeletal element (Hayashibara et al. 1997). The larvae then fix to 
the substratum and form the first polyp. The carbonate exoskeleton is subsequently 
deposited gradually. The primary calyx is laid down with a circular calcified wall. 
Primary septa and secondary septa begin to develop in sequence, with the subsequent 
formation of higher septa cycle in different coral species (Atoda 1951, Harii et al. 
2001). The above processes describe the sequel of events associated with the 
settlement of corals. With a lapse of some period after settlement, the newly settled 
individuals survive to a certain size to become visible. The observed coral 
individuals are now defined as the recruits. 
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Coral recruitment studies utilize two major types of settlement substrata. One is the 
use of natural substrata like the natural boulders in a reef (Hughes 1985, Hughes & 
Jackson 1985) or the dead coral skeleton (Wallace 1985a). The other is the use of 
artificial materials such as terracotta tiles (Babcock 1988)，concrete blocks 
(Fritzhardinge 1985)，PVC substances or other plastics (Birkeland et al. 1982， 
Harriott 1983). Harriott & Fisk (1987) conducted a research to compare the 
recruitment rates of scleractinian corals on various types of settlement plates. Their 
result showed that the number and types of recruits varied significantly among plate 
types, indicating that coral settlement patterns depended on the type of settlement 
plates. They suggested that ceramic tiles were the best surface for recruitment 
study. 
The orientation of the settlement substratum will also affect the recruitment density. 
Various researches have demonstrated that there was a tendency for recruitment to 
increase from more sheltered to more exposed locations with increasing depth. This 
phenomenon may be related to the reduction of light intensity or algal density 
(Harriott 1985，Wallace 1985b). Under dim light condition, the new recruits are not 
easily discovered by the predators like fish (Brock 1979). Reduced algal density 
provides more space for corals to recruit. The settlement of other organisms will 
also influence coral recruitment. The accumulation of fouling organisms, including 
algae, barnacles, sponges and hydrozoans, may compete with coral larvae for space 
and nutrient for recruitment (Harriott 1983). On the other hand, algae may have 
beneficial effect on enhancing recruitment. Some coral larvae need coralline algae 
to precondition the settlement substratum (Morse 1988, Carlon & Olson 1993). 
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Apart from settlement substrata, other factors may affect the coral recruitment pattern. 
Recruitment pattern varies among coral species. Most scleractinian corals show a 
seasonal variation with peak recruitment in spring and summer (Wallace & Bull 1982， 
Fitzhardinge 1985, Harriott 1985, Wallace 1985b), while some corals show a 
continuous recruitment throughout the year (Sakai & Yamazato 1984，Gleason 1996). 
This is a result of different spawning strategies employed by different corals. Most 
coral species mass spawn once a year, but some coral species spawn continuously 
through the whole year. Mass spawning means the release of eggs and sperms by 
colonies of a single or several coral species at the same period within an interval of 
two to three hours. This often occurs three to six days after full moon (Harrison & 
Wallace 1990). This phenomenon was first observed by Harrison et al. (1984) in 
the Great Barrier Reef, Australia but has now been observed in many other places. 
2.1.2 Colony mortality 
Coral is a modular organism. Its mode of mortality is different from that of unitary 
organisms. Unitary organisms do not have partial mortality but modular organisms 
do. Hughes & Jackson (1985) divided coral mortality into 3 classes: (1) Partial 
colony mortality, wherein some polyps but not all within a colony die. The 
surviving living polyps may regenerate the whole colony from the damage. (2) 
Entire colony mortality, all polyps in a colony die and the colony cannot be 
regenerated. (3) Entire genet mortality, that is the death of all colonies developed 
from the same zygote. Colony mortality will cause a change in the population size 
structure of the species. Partial mortality will not reduce the number of colonies, on 
the other hand, it may increase the population size structure through the process of 
fission. The colony number within a population will decrease if entire colony 
mortality or entire genet mortality occurs. Entire colony mortality will reduce the 
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colony number in a population but could have no effect on the number of genets, 
while the entire genet mortality will reduce the number of colonies and genets in a 
population. 
Mortality is caused by various factors, including wave action, cyclones, storms, 
sedimentation, eutrophication, predation and competition (Hughes & Jackson 1985, 
Wallace 1985, Tomascik 1991). Different factors cause different extent of damage 
on the colony. Wave action, cyclones and storms will overturn the coral colonies or 
break the colonies into pieces (Highsmith et al. 1980, Rogers et al. 1982，Dollar & 
Tribblle 1993). The damage caused by cyclone and storms can be severe. 
Sedimentation will cover the corals and prevent them from feeding. It can even 
suffocate them (Rogers 1983). Eutrophication will reduce the light intensity and the 
oxygen content in the water. Sunlight is essential for the photosynthesis of the 
symbiotic algae, the zooxanthellae, inside the coral tissue. Reduction of irradiance 
will reduce the food source for corals. Low oxygen content may cause the death of 
corals by suffocation. Some fish or invertebrates, like starfish and gastropods, feed 
on coral tissues and cause coral mortality (Ott & Lewis 1972，Wallace et al. 1986， 
Bruggemann et al. 1994). Sessile organisms, such as sponges and oysters, compete 
with corals for food or space. Corals can be overgrown by these sessile organisms. 
Coral diseases, including the black-band disease (Richardson et al. 1997, Richardson 
et al. 1998) and the white-band disease (Gladfelter 1982, Richardson 1998)，can also 
cause coral mortality. Coral diseases may cause tissue necrosis of the corals and 
kill the corals. Prolonged coral bleaching due to high sea water temperature or low 
salinity can cause partial mortality (Meesters & Bak 1993，Fabricius 1999). After 
suffering from partial mortality, if the factors causing mortality are no longer 
affecting the corals, corals may recover from the injury (Meesters et al. 1996). 
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2.1.3 Studies on coral recruitment and mortality in Hong Kong 
Recruitment and mortality of corals are important components of coral population 
dynamics, as they affect the population size (Harrison & Wallace 1990). Coral 
communities are also highly dynamic due to different disturbances such as cyclones 
(Dollars & Tribble 1993，Liddell & Ohlhorst 1994)，anthropogenic disturbances (Bak 
& Nieuwland 1994), diseases (Porter & Meier 1992) and predations (Pearson 1981， 
Done 1985，Wallace et al. 1986) that affect the structure of the communities from 
time to time. Coral recruits will replenish the colony loss due to different 
disturbances and recruitment is an important process for coral population and 
community recovery after the disturbances. But population and community 
recovery is a slow process and a long-term monitoring will be needed to follow and 
understand such process. Only a very limited number of researches have thus far 
been carried out to follow the fate of individual colonies over a prolonged period (> 5 
years) (e.g. Hughes & Jackson 1985, Dunstan & Johnson 1998). Such sustained 
observation is critical to the understanding of the population dynamics of a coral 
species, and the changes these may bring to the community as a whole. 
Hong Kong lies in the subtropical area. The conservation of corals is a major 
concern in recent years and more marine parks are now being set up to protect the 
coral communities. Hong Kong coral communities have their uniqueness in being 
dominated by species, such as Platygyra acuta and P. carnosus, which are otherwise 
not common in tropical seas. However, there is a lack of detailed, longer term study 
on the population dynamics of any coral species in Hong Kong. Only three 
researches have so far been carried out to study coral recruitments in Hong Kong. 
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After the deployment of dollos for five years at the High Island Coffer Dam, six coral 
species were found to settle on them in April 1979 (Scott 1984). These six coral 
species were Montipora informis, Montipora venosa, Cyphastrea microphthalma, 
Cyphastrea serailia, Acropora pruinosa and Pontes lobata. The maximum age of 
these corals was assumed to be five to six years but nothing was known about their 
dynamics within the six years since the dollos were installed. Collinson (1997) 
demonstrated that four coral species, including Oulastrea crispata, Porites lobata, 
Oulangia stokesiana and Culicia japonica, were recruited on the PVC plates after 
two years in Hoi Ha Wan. Within two years, two coral species, Oulastrea crispata 
and Culicia japonica, were found to recruit on the pulverized fuel ash-concrete 
blocks used in artificial reefs in Hoi Ha Wan (Lam 2003). None of these studies 
have information on the detailed recruitment nor mortality rates of these corals. 
There is therefore clearly a need to understand more about the coral population 
dynamics in Hong Kong if coral conservation is to be successful. 
Tung Ping Chau is a small island located in northeastern Hong Kong. In mid 1997’ 
the construction of a temporary pier in A Ye Wan (AYW) on the northeastern side of 
the island left many large granite rocks in the shallow subtidal area. Corals, mainly 
Oulastrea crispata, then recruited on these granite rocks and provided the 
opportunity to monitor the fate of these coral recruits over time. Six permanent 
quadrats were also marked on the natural sedimentary rocks next to these granite 
rocks and the fate of Oulastrea crispata colonies within these quadrats were also 
monitored so that a comparison could be made between the fate of corals recruited 
on the artificial granite rocks and those colonies in the natural substrata. 
This chapter examines the results of the monitoring for the fate of these Oulastrea 
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crispata colonies with the objectives of providing longer term (four and a half years) 
information on the recruitment of Oulastrea crispata and the mortality rates of its 
individual colonies, as well as a comparison of the temporal variation in its rates of 
recruitment and mortality in both the artificial and the natural substrata. 
2.2 Material & methods 
2.2.1 Sampling methods 
Coral recruitment was observed on the granite rocks used in the construction of the 
temporary pier in AYW, Tung Ping Chau in August 1998 and the first monitoring of 
coral recruits was started. Three experimental granite rocks were selected 
haphazardly and marked as the permanent substrata. These rocks were in the depth 
range of -0.5m C.D. to -Im C.D.. The horizontal surface and one of the four 
vertical surfaces on each rock were chosen for monitoring. Quadrats 0.25m^ in size 
were placed on each selected surface from upper to lower comers and from left to 
right to cover the whole surface. Every quadrat was marked with a code to indicate 
its position on the rock surfaces (as illustrated in Fig. 2.1). Each quadrat was 
divided into 25 smaller squares, again with a code given to each square. Hence, 
each coral colony that was present on the rock surface would have its own code to 
indicate its position with respect to the quadrat square where it first appeared, e.g., 
C4-B1，C4 is the position of the quadrat, and B1 is the position of the square in the 
quadrat. The number of quadrats used was different among rocks as the rocks 
differed in their sizes, hence their surface areas. In each sampling season, once a 
colony was located, it would be checked against the record of the previous season to 
see if it was a new colony or not. Any colony not previously recorded would be 
identified as a new recruit. At the same time, each colony would be examined 
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whether it was alive, dead or partially dead for the monitoring of its mortality. 
In order to compare the difference in recruitment and mortality between the artificial 
and natural substrata, six permanent quadrats were haphazardly set in the natural 
sedimentary rocks along side the granite rocks in 2000 summer. The quadrats were 
sampled seasonally to record whether there was recruitment or mortality of corals on 
the natural substrata. 
Sampling on three experimental granite rocks was carried out seasonally with a three 
months interval each year from Aug 1998 to Dec 2002. The sampling season was 
defined as followed: April to June as Spring, July to September as Summer, October 
to December as Autumn, and January to March as Winter. The sampling in 1998 
was carried out by May Liu Siu Hung, while the sampling in 1999 was carried out by 
Horace Yau Hok Wai. Subsequent samplings from 2000 summer until 2002 autumn, 
processing of images taken and data analyses were carried out by this author. 
Only one colony of Oulastrea crispata recruited on the vertical surfaces of the 
granite rocks over the whole sampling period, so the data on the vertical surfaces 
were not further analyzed. The number of quadrats on the horizontal surfaces of the 
three selected permanent granite rocks #1，#2 and #3 was 13，8 and 15 respectively. 
However, six quadrats on each horizontal surface were selected randomly to study 
the effect of coral-algal interaction from the autumn of 2001 to the autumn of 2002 
(Chapter 4). Thus, the data of all quadrats in the periods from 1998 summer to 
2001 summer were included in the data analysis, but only the data of those quadrats 
not selected for coral-algal interaction experiment in the period from 2001 autumn to 
2002 autumn were included in the recruitment and mortality analysis in this chapter. 
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2.2.2 Data and statistical analysis 
The data were first sorted in Microsoft® Excel 2000 (Microsoft Office 2000). If a 
small colony was first recorded in a location, it was considered to be a new recruit. 
The number of new recruits and dead colonies in each season was counted. The 
recruitment rate，percentage of recruits, mortality density and mortality rate were 
calculated as follow: 
The recruitment rate R was defined as the number of corals recruited per unit 
sampling area over a given time interval, i.e. 
R = 他 . o ‘ , " 作收“胁 (Unit: No. of recruits/m^) 
Sampling area 
The percentage of recruits was given as the number of colonies recruited divided by 
the population size over a time interval, i.e. 
No. of new recruits 
% R e c r u i t = _ — 仰 如 _ X 1 0 0 % =胁.。了 讓 鄉 她 X 1 0 0 % ( U n i t： % ) 
Total No. of colonies Total No. of colonies 
Sampling area 
The mortality density MD was estimated as the number of dead colonies per unit 
sampling area over a given time interval, i.e. 
, N o . of dead colonies . 。 ， . ， ？ 、 
MD = ^ (Unit: No. of colonies/m^) 
Sampling area 
Mortality rate M was expressed as a percentage of coral colonies that died within a 
given time interval, hence was calculated as the density of dead colonies divided by 
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the total coral density over a particular time interval, i.e. 
No. of dead colonies 
M 謂 X 1 0 0 % = No- of dead colonies ^ (Unit： %) 
Total No. of colonies Total No. of colonies 
Sampling area 
One way ANOVA was used to test for any significant seasonal or yearly changes in 
the rates of coral recruitment or mortality. Prior to ANOVA test, 
Kolmogorov-Smirov test (Zar 1996) was used to test for normality of the data, and 
Levene's test for homogeneity of variance. If the data could not pass these two 
prior tests, a non-parametric Kruskal-Wallis test was used instead. All statistical 
analyses were carried out using SPSS version 10.0.1 (SPSS Inc. 1999). 
2.3 Results 
2.3.1 Recruitment patterns 
Recruitment was recorded in every season on the three experimental granite rocks 
(Fig. 2.2). The recruitment rate was highest in 1998 summer (9.24 士 1.25 
recruits/m^). Since 1998 summer was the first sampling period, the recruitment 
time of the corals recorded could have covered the whole period from 1997 to 1998， 
when the rocks were first put in place in AYW. This being the case, these data were 
not included in the statistical tests for seasonal differences in recruitment rates. 
Thus, excluding these data from 1998 summer the recruitment rate was highest in 
2000 winter (7.72 士 9.25 recniits/m^), and lowest in 2002 autumn (0.34 士 0.30 
recruits/m^). The recruitment rate varied highly among rocks as the standard 
deviations of mean recruitment rate ranged from 0.30 to 9.25 recruits/m^. This 
standard deviation represents the variation of recruitment rate among rocks in the 
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same season. The coefficient of variation in recruitment rate among the three 
experimental granite rocks was variable, ranging from 13.5% in 1999 autumn to 
173% in 2001 autumn. The mean recruitment rate fluctuated in the periods between 
1998 autumn and 2000 winter (2.03 to 7.72 recruitsW). There was a sudden 
increase in the number of new individuals in 2000 winter. After 2000 winter, the 
recruitment dropped drastically in 2000 spring but then decreased gradually 
thereafter. Overall, there is no significant difference in recruitment rate in different 
seasons in different years (Kruskal-Wallis test X^ = 19.024，df = 14，p = 0.164). If 
the data in 2000 winter were excluded in statistical test due to its abnormally high 
recruitment, the difference in recruitment rates among seasons remained not 
significantly different (one way ANOVA，F = 1.716, df = 13，p = 0.113). The 
percentage of recruits on the granite rocks also varied highly in different seasons (Fig 
2.2B). The percentage of recruits was highest in 1998 autumn (40.87 士 4.25o/o)，but 
lowest in 2002 autumn (1.07 士 1.29%). 
The recruitment rates on the natural substratum in different seasons also fluctuated 
highly (Fig 2.3A). In some seasons，no recruitment was recorded. The 
recruitment rate was highest in 2000 winter (4.67 土 5.89 recruits/m )，and lowest in 
2001 spring and 2002 spring (0 recruits/m ). The percentage of recruits on the 
natural substratum fluctuated in the same pattern as the recruitment rate (Fig. 2.3). 
The percentage of recruits was low, ranging from 0% in 2001 and 2002 springs to 
5.36% in 2000 winter. 
The recruitment rate and the percentage of recruits in the same season of different 
years were compared (Figs. 2.4 - 2.7). They fluctuated widely in the same season 
of different years. The recruitment patterns were not consistent. The recruitment 
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rates in springs or autumns decreased gradually (Fig. 2.4A，Fig. 2.6A). The 
recruitment rates in summers or winters fluctuated with an increase of recruitment in 
2001 summer and 2000 winter (Fig. 2.5A，Fig. 2.7A). The percentage of recruits 
(Figs. 2.4B - 2.7B) gradually decreased in the same season of different years. 
However, statistical tests (Table 2.1) indicate that there was no significant difference 
in the recruitment rate of the same season over different years. 
Recruitment on the three experimental granite rocks was grouped into yearly 
intervals for comparison (Fig. 2.8). The yearly variation of recruitment rate was 
more or less the same, at about 13 recruits/m^. There was no significant difference 
in recruitment rates among years (One way ANOVA, F= 0.390, df = 3, p = 0.763). 
In order to find out whether the coral density in the sampling area would have 
affected the coral recruitment on these granite rocks, the recruitment rate was plotted 
against the coral density in the same season (Fig. 2.9A) or in the previous season (Fig. 
2.9B). The resulting data points were patchy, and were scattered into two groups. 
The r^  values for the regression lines in both cases were very low at 0.0513 and 
0.000457 for regression between coral recruits and coral density of the same season 
and that of the previous season respectively. Moreover, the p-values in both 
regression lines were not significant (i.e. p > 0.05). No specific pattern between 
coral recruitment and coral density could thus be discerned. 
2.3.2 Mortality patterns 
There was mortality of coral colonies in each season on the experimental granite 
rocks (Fig. 2.10). Both the mortality rate and mortality density were quite variable. 
The mortality rate was the lowest in 2001 winter (1.64%) and the highest in 1999 
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summer (10.11%). There was a gradual decrease in mortality rate from 1998 
autumn to 2002 autumn (Fig. 2.1 OA). This might be due to the gradual increase in 
the population size and the gradual reduction of the number of new recruits on the 
experimental granite rocks. There was a sudden decrease of mortality rates from 
1999 summer to 1999 autumn. Statistical results did not show any significant 
difference in mortality rates among seasons (One way ANOVA，F= 1.440，df = 14, p 
=0.195). The mortality density was lowest in 1999 winter (0.58 士 0.62 colony/m^) 
and highest in 2000 spring (2.14 土 0.88 colonies/m^). The mortality density in each 
season fluctuated around 1 colony/m^ (Fig. 2.1 OB). The mortality density 
fluctuated highly among the three experimental granite rocks with coefficients of 
variation ranging from 11.01% to 173.17%. 
The mortality rates and the mortality densities of Oulastrea on the natural substratum 
fluctuated between seasons in similar patterns (Fig. 2.11). Both the mortality rate 
and the density were the highest in 2000 winter and 2001 winter (2.69% and 2 
colonies/m^), and the lowest in 2001 spring, 2001 autumn, 2002 summer and 2002 
autumn (0% and 0 colonies/m^). The mortality rates fluctuated highly among 
quadrats so the standard deviation around the mean was high with coefficients of 
variation ranging from 0% to 246%. 
The mortality rate and density in the same season of different years were compared 
(Figs.2.12 - 2.15). The mortality rate and density showed a gradual decrease in the 
springs of different years (Fig. 2.12). The difference in mortality rate was very high 
(Fig. 2.13 A), but the mortality densities in the summers of different years were more 
or less the same at about 2 colonies/m^ (Fig. 2.13B). This phenomenon could also 
be observed in winter seasons (Fig. 2.15). The mortality rates fluctuated in the 
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autumn seasons of different years, ranging from 8.73% to 3.23% (Fig. 2.14A) and 
the pattern was similar for mortality densities (Fig. 2.14B). Statistical tests (Table 
2.2) showed that there was no significant difference in the mortality rates in the same 
seasons among different years. 
Mortality was grouped into yearly intervals for comparison (Fig. 2.16). The 
variation of mortality rate in yearly interval was not so high. The highest mortality 
rate was recorded in the period from 1998 autumn to 1999 summer (25.2%), the 
lowest in the period from 2001 autumn to 2002 summer (11.3%). There was no 
significant difference in mortality rate among years (One way ANOVA, F = 2.315，df 
= 3，p = 0.152). 
The effect of coral density on coral mortality was also examined. The coral 
mortality rate was plotted against the coral density in the same season (Fig. 2.17A), 
or the coral density in the previous season (Fig. 2.17B). The regression between 
coral mortality and coral density of the same season was not significant (ANOVA, p 
> 0.05) while the regression between coral mortality and coral density of the 
previous season was only slightly significant (p = 0.047). The r^  values in both 
cases were low at 0.151 and 0.136 respectively so the regression analyses showed no 
specific relationships between mortality rate and coral density of the same season 
and that of the previous season. 
All the survivorship curves of the different cohorts showed that the mortality rate 
was high (Fig. 2.18) at the beginning, within a short period after recruitment. After 
a few seasons, the curves became stabilized. The immediate result of this was the 
increase in the overall population size of Oulastrea on the rock surface. The 
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cohorts of 1999 summer exhibited the highest survival rate. They only suffered a 
small mortality (8.33%) in 1999 winter and no mortality in the subsequent seasons. 
The cohorts of 1999 winter suffered the highest mortality. They had a high 
mortality rate (50%) in 2000 spring. The cohorts continued to die in the subsequent 
seasons. Its survivorship stabilized in 2001 spring, after more than 60% of the 
cohorts had died. 
The frequency of whole colony mortality and partial colony mortality in different 
size groups of Oulastrea crispata were compared (Fig. 2.19). The size classes were 
formed with a Icm^ interval. The size of Icm^ was the mean size when the corals 
were first observed, so it was set as the size class interval. All the colonies sampled 
from 1998 to 2002 were grouped into the corresponding size classes. The 
frequency of whole colony mortality was calculated by dividing the number of dead 
corals in a size class over the total number of corals present in that size class. If a 
colony had a negative growth in a season, it was defined as suffering from a partial 
mortality. The colonies with negative growth were selected and grouped into 
different size classes, and the number of colonies with partial mortality in a size class 
was counted. The partial mortality frequency was calculated in the same way as the 
whole colony mortality frequency. Whole colony mortality occurred in the small 
size group, especially dominant in the smallest size class (0-1 cm^ area). Nearly all 
the colonies in each size class suffered some partial mortality except for those in the 
larger size class with area of 14-15cm^. The colonies in the size range of 6 tolOcm^ 
suffered low partial mortality. About 20% of colonies in the other size classes 
suffered partial mortality. 
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2.4 Discussion 
2.4.1 Recruitment 
Most coral species recruited seasonally in the months of spring or summer following 
the annual mass-spawning event (Harrison & Wallace 1990). However, some coral 
species might release larvae for extended periods and recruitment then occurs 
throughout a year. Species from the family Pocilloporidae are commonly found to 
exhibit no seasonality in their recruitment pattern. This is also true for some species 
from the Acropora subgenus Isopora (Kojis 1986) and those from family Poritidae 
(Harriott 1985). Generally, coral species that recruited without seasonality are 
likely to be opportunist species. They have more chances to recruit on new spaces. 
The recruitment pattern of Oulastrea crispata was similar to that of Pocilloporidae 
with recruitments recorded throughout the whole year. Oulastrea was reported to 
have a mixed mode of reproduction, i.e., it could be a broadcasting spawner as well 
as a brooder (Lam 2000). However, Lin (2003) monitored Oulastrea reproduction 
in Hong Kong for 3 years and no brooded planulae were discovered. His 
histological study showed that the development of gametes was not synchronous in 
the same polyp, i.e., gametes of different stages were present in a polyp at the same 
time. This might explain why Oulastrea could reproduce for an extended period. 
Oulastrea was the pioneer species to recruit on the rocky substrata when the granite 
rocks were newly put in place in AYW, Tung Ping Chau. 
The recruitment pattern of Oulastrea fluctuated seasonally, but it was quite consistent 
on a yearly basis. Temporal variation in coral recruitment had been recorded in 
other studies, either in terms of variation within years (Harriott 1985, Babcock 1988， 
Harriott and Banks 1995) or between years (Fitzhardinge 1985, Wallace 1985a, b, 
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Harriott and Banks 1995, Miller et al. 2000). There may be many causes of 
temporal variation in coral recruitment involving one or more factors. Several 
reasons have been suggested to explain the temporal variation, but no actual causes 
have really been unequivocally shown. These factors varied in different geological 
locations. Firstly, the recruitment rate could be affected by the availability of larvae 
and larval survival after settlement. Larval production could vary highly between 
years (Harrison & Wallace 1990). More reproductive output could lead to more 
recruitment. On the other hand, the death of new recruits before sampling would 
underestimate the recruitment rate (Babcock 1985). There was a time gap between 
two consecutive samplings, the new recruits might die before they could be censused. 
Secondly, hydrological conditions could disperse the fertilized eggs to a long 
distance to reduce their chances of recruitment success or could prevent recruitment 
in a site with a strong current (Fish & Harriott 1990, Harriott & Banks，1995). 
Thirdly, the pre-emption of space by other organisms, like algae, sponges or 
sediments, would restrict larval settlement (Hatcher & Rimmer 1985). Finally, the 
competition and predation by other marine organisms would reduce the settlement 
rate of corals (Hughes 1994, Hughes & Tanner 2000). In Hong Kong, the seasonal 
fluctuation in the recruitment of Oulastrea might be due to larval availability. 
Based on histological data, Oulastrea was believed to mass release its sperms and 
eggs from May to June, with a second peak of gametes release in September (Lin 
2003). The amount of gamete production in other months was relatively low. 
Thus, there was a difference in the reproductive output in different seasons. The 
variation in larval availability should account for the fluctuation of the seasonal 
recruitment of Oulastrea. Algal cover was believed to affect coral recruitment, but 
it might not be the main factor to affect the recruitment of Oulastrea. In summer, 
only the macroalga Lobophora variegata was found on most rocky surfaces. More 
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algal species, like Sargassum spp.，were found in winter. The algal cover in winter 
was higher than that in summer, but the recruitment rate in winter was not 
statistically significantly less than that in other seasons within the same year. This 
implies that algae were not the key factor to cause the seasonal fluctuation in 
recruitment rates even though the algae clearance treatments (Chapter 4) showed that 
the presence of algae would reduce the coral recruitment rate. In a related 
recruitment study (Collinson 1997)，it was also suggested that the coral recruitment 
rates of four coral species, including Oulastrea crispata, Porites lobata, Culicia 
japonica and Oulangia stokesima’ in Hong Kong were determined by the 
availability of larvae. 
The difference in the recruitment density among the three experimental granite rocks 
was quite high, especially in 2000 winter and 2001 autumn in which the coefficients 
of variation ranged from 13.5% to 120%. The algal cover on these three rocks was 
different (per. obs.). This would affect the amount of space available for Oulastrea 
to recruit on and would also explain the high variation in recruitment in these 
experimental rocks. A more detailed study on the effect of space availability on 
recruitment is given in Chapter 4. 
The recruitment rates on both the natural substratum and the three experimental 
granite rocks reached the highest in 2000 winter. This would suggest that the 
production of Oulastrea larvae in May and Jim 2000 or September 2000 was 
abundant so the recruitment was high in both kinds of substrata in that winter. But 
the recruitment rate on the natural substratum was not the same as that on the three 
experimental granite rocks. No recruitment was recorded on the natural substratum 
in some seasons, but recruitment was recorded in every season on the three 
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experimental granite rocks. Higher cover of corals (70% - 80% coral cover) on the 
natural substratum provided less space available for corals to recruit. On the natural 
substratum, the size of Oulastrea and other coral species was much larger than that 
on the three experimental granite rocks as colonies of these corals are all much older. 
Oulastrea was abundant on the horizontal rocky surfaces in shallow water and only 
one colony was found on the vertical surfaces of the large granite rocks. Studies in 
high latitude sites in Australia also found that coral recruitment was high on 
horizontal surface in shallow water (Hariott & Banks 1995, Banks & Harriott 1996). 
This was in contrast to the findings in tropical shallow water regions where coral 
recruitment orientation changed from under surfaces to upper surfaces with 
increasing water depth (Wallace & Bull 1982，Harriott 1985). It was suggested that 
corals normally would prefer to settle on upper rocky surfaces but were restricted to 
settle on these surfaces in shallow water due to high predation pressure and 
sedimentation. However, the predation pressure and sedimentation effect were 
weak in deep water because of reduced light or algal cover, thus more corals were 
found to settle on upper surfaces of rocky bottom in deeper water. On the three 
experimental granite rocks, except for Oulastrea, the number of recruits of other 
coral species was more or less the same on the horizontal or the vertical surfaces 
(about 20 colonies on each surface (impub. Data)). Other coral species appear not 
to have a preference to recruit on the horizontal surfaces. It seems that the 
recruitment orientation of corals may be species specific and may not be related to 
factors examined in this present study. 
The absence of significant relationship between coral density and recruitment rate 
suggests that the recruitment of Oulastrea was not density dependent. Further, it 
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also indicates that the source of larval supply might not only come from the existing 
corals on the three experimental granite rocks, but also from other Oulastrea colonies 
on the natural substratum else where in the study area. 
2.4.2 Mortality 
In the field observation, factors affecting the mortality of Oulastrea include algal 
cover, sedimentation and competition with oysters. These factors were also found 
to cause coral mortality else where (Hughes 1985，Dunstan & Johnson 1998，Miller 
et al. 2000). The brown macroalga Lobophora variegata was found on the granite 
rocks throughout the year. In winter, other macroalgae were observed, including 
Padina spp. and Sargassum spp.. Algae prevented the corals from feeding and even 
killed them by overgrowth. Algae would also produce a synergistic effect in 
promoting the mortality of Oulastrea by trapping the sediment. Without the 
macroalgae, Oulastrea could form a "bubble" under the high sedimentation condition 
to prevent overtopping by the sediment (Fig. 2.20). The "bubble" was formed by a 
layer of mucus secreted by Oulastrea to trap the sediments. With the aid of algae， 
sediments could cover the Oulastrea colonies easily. In the field, some colonies 
were found to be dead by being covered with sediments. Moreover, oysters 
growing on the three experimental granite rocks also competed with Oulastrea for 
space. Some colonies were killed by the overgrowth of oysters. All these were 
the main factors observed to be causing the mortality of Oulastrea colonies. 
The fluctuations in mortality rate among Oulastrea colonies on the three 
experimental granite rocks in different seasons were not consistent with those on the 
natural substratum (Figs 2.1 OA, 2.11 A). On the natural substratum, there was no 
mortality recorded in some seasons, while mortality was recorded in every season on 
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the three experimental granite rocks. This might be due to the low recruitment rate 
on the natural substratum. Most of the whole colony mortality came from colonies 
from the smallest size class (0-lcm^). The size of Oulastrea colonies on the natural 
substratum was large (the largest colony could be up to 75.9cm^). Normally, corals 
with larger sizes would have a higher chance of suffering partial mortality rather than 
whole colony mortality (Hughes & Jackson 1985). 
The mortality density was not affected by the coral density in the previous season nor 
that of the same season on the three experimental granite rocks. This implies that 
the intraspecific competition among Oulastrea colonies was not strong. This can be 
observed in the field. Most of the Oulastrea colonies found on the experimental 
granite rocks did not have any physical contact with one another as the sizes of these 
colonies were quite small compared to those of other coral species, such as Platygyra 
spp., Pontes spp.. 
The annual mortality rates of Oulastrea fluctuated yearly without any consistent 
trend and any difference between years was not statistically significant. Hughes 
(1985) monitored five coral species in Jamaica for four years. Their annual 
mortality rate was also not consistent. In the year with more severe storms, the 
mortality rate was high. The outbreak of coral eating invertebrates such as 
Acanthaster planci also caused a high fluctuation in mortality. The important 
predator, Acanthaster planci, which caused worldwide mass coral mortality (Wallace 
et al. 1986)，is not found in Hong Kong. The main corallivorous invertebrates in 
Hong Kong, Drupella rugosa and Cronia margariticola, were not observed to feed 
on Oulastrea. It seems the predation pressure on Oulastrea was not strong in Hong 
Kong. Any fluctuation in mortality was due to the overgrowth by algae, 
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sedimentation and competition with other sessile invertebrates. 
Coral mortality was size dependent (Connell 1973，Hughes & Jackson 1985). 
Small size corals will have a high chance of suffering whole colony mortality, while 
large corals will have a higher chance of suffering partial mortality. Nearly all of 
the Oulastrea colonies suffering whole colony mortality belonged to the smallest size 
class. As evident from the survivorship curves of Oulastrea cohorts recruited in the 
same season, some new recruits died within the first few seasons after recruitment. 
Once the colonies reached a certain size, they rarely suffered further whole colony 
mortality. Connell (1973) suggested that the reserved energy or material in smaller 
colonies was too low for transfer from undamaged polyps to repair the hurt polyps. 
Hence, it should lead to a slower and less successful regeneration and cause a 
complete mortality of the colony. Large colonies tended to suffer partial mortality 
but no size-dependent pattern was observed in the present study. The frequency of 
partial mortality in the small size classes was comparable to that in larger size classes. 
This suggested that the larger Oulastrea colonies had a higher ability to escape from 
injury, or the regeneration ability of these colonies was high enough such that once 
they were hurt they could recover within a rather short period. 
In this study the seasonal change in the rates of recruitment and mortality were 
highly variable. It showed how dynamic a coral population could be. This study, 
however, focused only on a single coral species, Oulastrea crispata, and the 
population dynamics of other coral species were not monitored. It is important to 
study the population change of other coral species to see if the pattern is the same as 
that observed for Oulastrea. Moreover, the coverage of other marine sessile 
organisms was not determined in each season as these marine organisms could affect 
35 
Chapter Two - The patterns of recruitment and mortality of Oulastrea crispata 
the population dynamics of corals. The interactions among algal cover, sea urchin 
abundance and population dynamics of coral species can be another aspect for 
further study. Some of these are given in more details in Chapter 4. 
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Table 2.1. Results of statistical tests on differences in the recruitment rates of 
Oulastrea crispata in the same season between different years (1999 - 2002). 
Season df F/ X^ p 
Spring One-way ANOVA 2 0.804 0.49 
Summer One-way ANOVA 3 1.094 0.406 
Autumn Kruskal-Wallis 3 5.435 0.143 
Winter Kruskal-Wallis 3 2.282 0.516 
Table 2.2. Results of statistical tests on differences in the mortality rates of 
Oulastrea crispata in the same season between different years (1999 - 2002). 
Season df F p 
Spring One-way ANOVA 2 3.022 0.124 
Summer One-way ANOVA 3 1.659 0.252 
Autumn One-way ANOVA 3 2.068 0.183 
Winter One-way ANOVA 3 1.341 0.328 
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Figure 2.1 Diagrams showing how the locations of the corals were identified on the 
experimental granite rock surface. (I) The rock surface was laid with quadrats, and 
the position of the quadrats was marked (II) Example of a quadrat showing the 
position of the corals and how these corals were coded. 
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Figure 2.2 The mean (土 S.D.) (A) recruitment rate and (B) percentage of recruit in 
the population of Oulastrea crispata on three experimental granite rocks in different 
seasons. Note that the colonies in 98Su were not all strictly new recruits, they 
represent the total number of colonies that were first observed. 
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Figure 2.3 The mean (± S.D.) (A) recruitment rate and (B) percentage of recruit of 
Oulastrea crispata in six permanent quadrats on the natural substratum in different 
seasons. 
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Figure 2.4 The mean (土 S.D.) (A) recruitment rate and (B) percentage of recruit in 
the population of Oulastrea on three experimental granite rocks in spring of different 
years. 
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Figure 2.5 The mean (土 S.D.) (A) recruitment rate and (B) percentage of recruit in 
the population of Oulastrea on three experimental granite rocks in summer of 
different years. 
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Figure 2.6 The mean (土 S.D.) (A) recruitment rate and (B) percentage of recruit in 
the population of Oulastrea on three experimental granite rocks in autumn of 
different years. No data for OOAut. 
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Figure 2.7 The mean (土 S.D.) (A) recruitment rate and (B) percentage of recruit in 
the population of Oulastrea on three experimental granite rocks in winter of different 
years. 
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Figure 2.8 The mean (土 S.D.) recruitment rate of Oulastrea crispata on three 
experimental granite rocks in successive yearly intervals. 
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Figure 2.9 The effect of coral, density (A) in the same season and (B) in the 
previous season on the recruitment rate of Oulastrea crispata on different 
experimental granite rocks. 
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Figure 2.10 The change of mean (± S.D.) (A) whole colony mortality rate and (B) 
mortality density of Oulastrea crispata on three experimental granite rocks in 
different seasons. 
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Figure 2.11 The mean (土 S.D.) (A) mortality rate and (B) mortality density of 
Oulastrea crispata in six permanent quadrats on the natural substratum over different 
seasons. 
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Figure 2.12 The change in mean (土 S.D.) (A) mortality rate and (B) mortality 
density of Oulastrea crispata colonies on three experimental granite rocks in the 
spring season of different years. 
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Figure 2.13 The change in mean (土 S.D.) (A) mortality rate and (B) mortality 
density of Oulastrea crispata colonies on three experimental granite rocks in the 
summer season of different years. 
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Figure 2.14 The change in mean (土 S.D.) (A) mortality rate and (B) mortality 
density of Oulastrea crispata colonies on three experimental granite rocks in the 
autumn season of different years. No data for OOAut. 
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Figure 2.15 The change in mean (土 S.D.) (A) mortality rate and (B) mortality 
density of Oulastrea crispata colonies on three experimental granite rocks in the 
winter season of different years. 
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Figure 2.16 The variation in mean (土 S.D.) mortality density of Oulastrea crispata 
on three experimental granite rocks in successive yearly intervals. 
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Figure 2.17 The effect of coral density (A) in the same season (B) in the previous 
season on the mortality density of Oulastrea crispata on three experimental granite 
rocks. 
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Figure 2.18 The survivorship curves of different cohorts of Oulastrea crispata 
recruited on three experimental granite rocks. Data for 98Sum included all colonies 
that were observed in the first sampling. 
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Figure 2.19 The mean (土 S.D.) frequency of Oulastrea crispata of different size 
classes from 1998 summer to 2002 autumn on three experimental granite rocks that 
exhibited (A) whole colony mortality (B) partial mortality. 
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Figure 2.20 The picture showing the formation of "bubble" (arrow) over an 
Oulastrea crispata colony under high sedimentation condition. 
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Chapter 3 
The growth and population structure of a scleractinian 
coral Oulastrea crispata 
3.1 Introduction 
Coral is a colonial organism. It grows asexually by forming identical modules, the 
polyps (Hughes & Jacksonl985，Babcock 1991). Each polyp can survive and 
function as an independent unity. If part of the colony is dead because of physical 
or biological disturbances, the remaining living polyps can still survive. The colony 
may then recover from the wound, otherwise it may continue to shrink. Hence, 
there is a large variation in the size of this type of modular organisms within an age 
cohort (Solbreg et al. 1980). This explains why the size of a coral colony may not 
be related directly to its age (Hughes & Jackson 1985). Because of the modular 
property of a coral, Hughes (1984) developed a size-based matrix model to describe 
the life history of a coral. Under this size-based matrix model, there are three 
scenarios for coral growth: (1) Growth, the corals could increase in size and move 
from a smaller size class to a larger size class over a time step; (2) Loop, the corals 
remain in the same size group; (3) Shrinkage, the corals become reduced in size and 
changed from a larger size class to a small size class. In order to understand this 
complicated coral life history, the fate of the coral colonies should be followed once 
they are recruited on the substratum. 
Scleractinian corals are classified into two groups, hermatypic and ahermatypic 
corals. Hermatypic corals contain symbiotic unicellular algae，the zooxanthellae, 
inside their gastrodermal layer, while ahermatypic corals do not All corals have a 
calcified exo-skeleton and a layer of living tissue which covers the calcified skeleton. 
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Thus, the growth of a coral involves the division of its tissues as well as the 
deposition and modification of the carbonate skeleton (Barnes 1973). For 
hermatypic corals however, the photosynthetic activities of zooxanthellae will 
enhance the formation of calcium carbonate (Gattuso et al. 1999; Furia et al. 2000). 
Hence, hermatypic corals are reef building and ahermatypic corals are not. Tissue 
and skeletal growths of corals are likely to be influenced by the supply of food and 
irradiance respectively. This accounts for variations in the growth form of the same 
species with increasing depth. In deeper water, the skeletal growth is slower than in 
shallow water. Coral species may change its geometry of growth, i.e. the growth 
form, to accommodate the reduction of skeletal growth in deep water. 
Individual colony growth is potentially unlimited in most species, except in some 
mushroom corals (Chadwick-Furman et al. 2000). It may however be suppressed 
by various physical or biological factors. These physical factors include 
sedimentation, eutrophication, wave action, storm, light intensity, seawater 
temperature and latitudinal change (Hughes & Jackson 1985,Wittenberg & Hunte 
1992，Harriott 1999, Lough & Barnes 2000), while the biological factors include 
competition with algae (De Ruyter van Stveninck et al. 1988), corals (Romano 1990) 
or other sessile organisms, and predation by corallivorous invertebrates (Van Moorsel 
1985). 
Numerous methods have been developed to determine the growth rate of corals. 
Buddemeier and Kinzie (1976) reviewed in details the application of these methods, 
and Wong (2001) compared some of them. The common methods used in the field 
can be summarized as follow: 
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(i) Growth as actual linear extension of coral colony 
This includes the measurement of actual linear extension of length or radius of the 
coral colony during the study period. Measurement was done by reference to a 
marker incorporated into the skeleton at the beginning of the experiment. The 
marker can be a nail driven into the coral skeleton (Shinn 1976，Wong 2001) or an 
Alizarin Red S dye used to stain the coral skeleton (Barnes 1972, Guzman & Cortes 
1989, Selina 1995, Harriott 1998). This measuring method is simple, inexpensive, 
and is applicable to corals both in the field and in the laboratory. The Alizarin Red 
staining method can mark the entire coral surfaces at the time of staining so that 
growth in any direction can be determined after the collection and sectioning of 
corals. The disadvantage of this method is that the driven nail may hurt the corals 
and affect the growth, and for the Alizarin Red staining method, live corals need to 
be sacrificed and repeated staining is needed if successive growth increment is to be 
measured. 
(ii) Growth band measurement by X-ray radiography 
The rate of calcium carbonate deposition of coral skeleton may vary with seasonal 
water temperature changes. This results in the formation of density bands on the 
coral skeleton. Under X-ray radiographic technique, the skeletal density bands can 
be examined (Knutson et al. 1972). Vertical slices of coral skeleton with thickness 
of 4 to 10 m m are taken from the field by cutting through the centre of the coral 
colonies. X-ray exposures are conducted by using either a Baltospot 200 or a 
Faxitron 805 radiographic unit. Kodak type A A or M films can be used with 
exposure KVP value that ranged from 15 to 160KV, depending on specimen 
thickness and source-to-film distance. The seasonal bands on the X-ray image are 
used for the measurement of yearly skeletal increment (Buddemeier et al. 1974， 
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Hubbard & Scaturo 1985, Lough & Bames 2000). The growth of corals can be 
dated back to a long period from the density bands. The advantage of using 
X-radiographic technique in measuring coral growth is that both the growth history 
and age of corals can be obtained from the high and low density bands. This 
method can also save a lot of time in sampling as the coral samples only need to be 
collected once. The disadvantage is that coral colonies need to be sacrificed, and 
the method is only suitable for some coral species since not all corals show annual 
density bands. 
(iii) Growth measurement by taking photos or videos 
By using underwater camera or video recorder, pictures of some permanently marked 
corals in the field are taken continuously over a certain time interval. The areas are 
measured from the photos or the images captured from the video tape (Cormell 1973， 
Hughes & Jackson 1985, Tarn 1998). This method does not cause destruction to the 
coral colonies so the growth of the corals can be measured continuously. The 
disadvantage of the method is the use of area for measurement. The morphology of 
most coral colonies is three dimensional, but area measurement is two dimensional. 
The critical point is the decision on what area to be used for measurement and 
whether the pictures are taken in the same position in each sampling. 
(iv) Growth measurement by weighing technique 
Coral growth can be obtained by measuring the increase in its weight either by 
periodically lifting coral out of water to weigh or by directly measuring it in the 
water with an underwater balance (Bak 1974，Davies 1989，Chadwick-Furman 2000). 
This method is potentially the most precise and repeatable measures of coral growth. 
Davis (1989) suggested the use of electronic balance to measure a short-term coral 
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growth. The accuracy can be up to 0.000 Ig. This technique is relatively easy to 
use, cheap, and the measurement is rapid and accurate. There are, however, some 
restrictions in the application of this technique. Firstly, if the coral colonies are 
attached to the bottom firmly in situ, this method is not suitable. Secondly, the 
measurement should be done in stable water conditions in order to have an accurate 
result. Thirdly, this method is not suitable for corals which have borers as the 
borers will affect the weight of the corals. 
(V) Coral growth as changes in corallite number 
The size of mature corallites is relatively uniform for some coral species. The 
number of corallites within a colony will thus be related to the surface area of a coral. 
As corals grow, the corallite number will change from time to time. Counting the 
number of corallites over time can then be a measure of coral growth. This method 
is simple, easy to use, and is likely to be more suitable for younger corals as 
distortion of their corallite sizes is small. But the technique of counting corallite 
number is not suitable for large coral colonies and corals with small polyp size, such 
as Pontes spp. and Montipora spp.. If the colonies are large, the corallites can be 
distorted. While the corallites of some species are too small, it is too difficult to 
count in the field. Thus a balance is needed between these two kinds of corallites 
and this method may be suitable for some coral species but not the others. 
Understanding the growth of corals is important. The growth may reflect the 
condition of the coral community. Scientists have used coral growth rate as an 
indicator of the health of a reef (Cortes & Risk 1985, Bak & Meester 1998). If a 
reef is under stress, the coral growth rate would be hampered. However, Edinger et 
al. (2000) argued that growth is a poor indicator of a reef status due to the slow 
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growth rate of the corals. There was an increase in the harvest of stony coral for the 
ornamental aquarium industry in Indonesia (Bentley 1998). The coral growth 
models provide information about the patterns of turnover and change among corals. 
This can be applied to manage the sustainable harvest of corals because a sustainable 
yield for some species could be determined from the growth curves based on a 
minimum size or age for collection (Grigg 1984，Cladwick-Furman et al. 2000). 
The size structures of coral species could also reflect the condition of a coral 
community, whether it was under physical or biological stresses. With the 
predation of starfish, the coral size structure in a community would skew to the 
smaller size classes (Fong & Glynn 1998). On the other hand, physical disturbance 
would shift the size structure to the larger size classes (Bak & Meesters 1999). 
Various parameters have been used to determine the growth rates of corals，including 
weight (e.g. Chadwick-Furman 2000), area (e.g. Tarn 1998)，and linear extension (e.g. 
Harriot 1998). Sometimes different researches might select different number of 
axes in measuring coral growth. Van Moorsel (1988) used one axis (linear 
extension) to determine the growth of corals. Soong (1993) applied two axes, the 
maximum length times the maximum width, to estimate coral growth. Meester et al. 
(2001) measured three axes, length, width and height of each coral colony, and 
approximate the colony to a geometrical shape to determine the change of its surface 
area. It would appear that various parameters have been used to determine coral 
growth. However, to date, no research has tried to determine coral growth using 
different parameters at the same time in order to evaluate the effectiveness of these 
parameters in measuring coral growth. One of the aims of this study is therefore to 
use four parameters to measure the growth of corals and to evaluate the effectiveness 
of these parameters in measuring coral growth. These parameters are colony area, 
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perimeter, geometric diameter and corallite number. 
Most of what is currently known about coral growth was based on studies carried out 
in tropical areas like the Caribbean and the tropical Indo-Pacific regions. Hong 
Kong lies in the subtropical regions, so longer term and seasonal variation in the 
growth rate of corals in Hong Kong may be different from those in tropical areas. 
Very few studies on coral growth have been carried out in Hong Kong to date. 
Collinson (1997) determined the growth of Pontes lobata in Hoi Ha Wan by using 
the X-ray radiographic technique. Lam (2000) monitored the growth of juvenile 
Oulastrea crispata collected from Hoi Ha Wan in open-air tanks for one year. 
Wong (2001) measured the growth of Platygyra sinensis (= Platygyra acuta) and 
Goniopora columna for one year in Tung Ping Chau. Collinson's research (1997) 
determined the long-term growth rate of Pontes, while the other two researches only 
assessed a short-term coral growth rate. However, Collinson's method was 
destructive to the coral colonies. Corals in Hong Kong only form small 
communities. Non-destructive methods are definitely more desirable in studying 
the biology of corals in Hong Kong. Hence, another aim of this study was to apply 
non-destructive video technique to determine the seasonal and yearly variation of 
coral growth in the field for a period longer than one year. 
The study was conducted in A Ye Wan (AYW), Tung Ping Chau (IPC). In order to 
study the biology of marine organism, a site with little human disturbance is needed. 
Since TPC is a marine park where the coral community is protected, it is a suitable 
site for coral growth study. In mid 1997，a temporary pier was decommissioned in 
A Y W , and several large granite rocks were left under water. Oulastrea was 
observed to recruit on these granite rocks in 1998 and these colonies were monitored 
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for their growth. Besides, colonies of Oulastrea on the natural sedimentary rocks 
along side the experimental granite rocks were also monitored. Oulastrea has an 
encrusting growth form with little upright development, so the change in the size of 
an Oulastrea colony can be more accurately shown in the two dimensional video 
image. 
In this chapter, the growth of Oulastrea crispata on both the artificial and the natural 
substrata were measured repeatedly about every three months for four and a half 
years from 1998-2002 by using different parameters, including colony area， 
perimeter and geometric diameter. The growth of Oulastrea was also measured by 
counting changes in the number of corallites per colony over time. The best 
parameter for use in assessing growth and changes in the population size structures 
of this species in each season was then evaluated. 
3.2 Materials & methods 
3.2.1 Field procedures 
The growth study of Oulastrea crispata was based on colonies found on the three 
experimental granite rocks and the permanent quadrats laid out on the natural 
substratum described in more details in Chapter 2. The experimental granite rocks 
were haphazardly selected from among the remaining rocks that formed the 
foundation of a temporary pier built in 1997. The horizontal surface and one of the 
four vertical surfaces on each of these rocks were selected for monitoring. 
Sampling was carried out seasonally (i.e. every three months). In each season, 
permanent quadrats were placed on the rock surfaces. Once a colony of Oulastrea 
was found, the number of corallites within that colony was counted. A ruler was 
then placed next to the colony and the image of the colony together with the ruler 
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was taken using an underwater video camera. The images recorded were used for 
image analysis in the laboratory. As the surfaces of the same experimental granite 
rocks were monitored over time, the same coral colonies, if they survived, would be 
measured. Sampling was carried out three to four times (i.e. once in each season) 
every year from 1998 to 2002. 
The natural substratum was the original sedimentary rocks in TPC. On the natural 
substratum, six permanent quadrats were set up and all the Oulastrea colonies inside 
the quadrats were monitored. The corallite number of each Oulastrea colony in the 
permanent quadrats was counted. Then, video was taken for growth measurements 
in a similar way described above. Sampling was carried out with the same time 
interval as the sampling on the three experimental granite rocks from 2000 to 2002. 
The corals on the three experimental granite rocks were relatively young when 
compared with most of those on the natural substratum. The growth of corals on 
the experimental granite rocks represented fates of younger corals with known age. 
The ages of Oulastrea crispata colonies on the natural substratum were unknown. 
The age of these coral colonies may presumably be estimated from the growth curves 
of the coral colonies in the experimental granite rocks. 
3.2.2 Laboratory procedures 
The images recorded in the field were played back in the laboratory. They were 
captured in the computer using the computer software "Capview". Another 
computer software "Image Pro Plus V 4.5" was used for image analysis. First, the 
image was calibrated using the ruler in the image, and then four parameters were 
measured, including area of the colony, perimeter, the maximum diagonal length (L!) 
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of each coral colony and the length (L2) perpendicular to the maximum diagonal 
length. The geometric diameter (G.D.) was calculated based on the equation: 
G.D. = y/LixLi 
3.2.3 Data analysis 
The number of corallites, area, perimeter and geometric diameter of the colonies 
were used to calculate coral growth. The data were sorted in Microsoft Excel 2000 
(Microsoft Office 2000)，and data for the same coral colony measured at different 
time intervals were grouped. Corals recruited at the same season were grouped as a 
cohort and their growth curves calculated. The growth curves were plotted as the 
regression line with the best fit (i.e. with the highest r^  value). The data were 
further grouped into different age classes for the calculation of mean sizes (area, 
perimeter, geometric diameter and corallite number) in each age class. When a 
colony was first observed as a new recruit in each sampling, its age was defined as 0， 
no matter how large it was in size. The age classes were set arbitrarily with a class 
interval of 50 days, i.e. age class 1, 0-50 days; age class 2, 51-100 days; and so on... 
with the last age class, 1501-1550 days. Within each age class, the mean size and 
the mean actual age (actual number of days since first detected in quadrat) of all 
individuals were calculated. These data on mean size were then plotted against 
mean age to estimate growth and to fit the best growth curve. Absolute growth rate 
(AGR) was calculated as an increase or decrease in area of each coral colony over a 
time interval (the actual days of growth between two consecutive sampling seasons 
for each colony) based on the following equation: 
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巡 严 - 乂 ) x l O O 
( r 2 - r i ) 
Where Ai was the area of the coral at time T】，A2 was the area of the coral at 
time 丁2. Ti and 丁2 were days. Since the daily A G R value was very small, it 
was multiplied by 100 to form the 100-days AGR. 
The sea water temperature was obtained from underwater temperature probes which 
recorded the water temperature at every 30 minute interval. The seasonal sea water 
temperature was mean temperature recorded by the probes within each season. 
3.3 Results 
The size of the coral colonies that were first observed on the experimental granite 
rocks, presumably representing the new recruits, ranged from 0.022 cm to 5.023 cm 
(with a single polyp to 31 polyps). Four parameters, colony area, perimeter, 
geometric diameter and corallite number, were considered as descriptors of coral 
growth. Each parameter was plotted against time and for each parameter, three sets 
of growth curves were plotted. The first set of growth curve was based on the raw 
data, the second set, on log-transformed data, and the third set, on the mean size of 
each parameter within each age class (Figs 3.1，3.2，3.3, 3.4). Regression lines were 
then fitted over the data to describe the relationships between time and changes in 
these parameters. All these relationships were non-linear. For all the parameters 
examined, the best fitted growth curves were sigmoid curves (Fig. 3.1 A, 3.2A, 3.3A， 
3.4A). Based on these growth curves, the mean size of Oulastrea, when first 
observed in the field within each season, was 0.68 cm^ in area, 2.8 cm in perimeter, 
0.77 cm in geometric diameter, and with 4 corallites. Variation in the sizes of the 
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colonies with the same age was very high. This increased with age with up to more 
than 10 folds in the range of difference in sizes among older colonies. All the 
graphs showed a tendency for the corals to increase their size parameters over time. 
At the beginning, the growth was slightly slower, this was followed by a faster 
growth rate that eventually slowed down. 
There was a wide spread of the values of each parameter for colonies with the same 
age. The r value obtained for each best fitted growth curve, which represents the 
proportion of the variation within the data set that could be explained by the growth 
curve, was very low. The r^  values obtained ranged only from 0.331 to 0.481. To 
improve the best fit, the raw data were log-transformed to reduce the dispersion of 
the data. The r values of the regression lines plotted from the log-transformed data 
were slightly higher than those from the non-transformed data. Quadratic equations 
were fitted into the log-transformed data (Figs. 3.IB, 3.2B, 3.3B). The curves 
indicated that the corals exhibited a faster growth rate in the first two to three years 
before the growth rates slowed down. For the third set of data with mean sizes of 
each parameter averaged within each age class, the best fitted growth curves were 
also sigmoid curves (Figs. 3.1C，3.2C, 3.3C, 3.4B). The graphs for area or corallite 
number demonstrated an obvious sigmoid curve with steep slope (Figs 3.1C, 3.4B)， 
while those plotted for perimeter or geometric diameter showed a sigmoid curve with 
a more gentle slope (Figs.3.2C, 3.3C). 
On the natural substratum, all three sets of growth curves for different parameters can 
best be described by sigmoid curves (Figs. 3.5, 3.6 and 3.7). All the curves showed 
an increasing trend over time but the curves were close to being linear, indicating 
that the growth rates were close to being constant over time. 
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In order to compare the parameters that could best serve as the descriptor of coral 
growth, the relationship among these parameters were evaluated. Corallite number 
of each colony was used as an independent variable as among the four parameters, 
measurement error associated with it was the smallest. The three other parameters, 
i.e. colony area, perimeter and geometric diameter, were then regressed against 
corallite number independently (Fig. 3.8). In all these graphs, the line that could 
best show the relationship between these parameters and corallite number was a 
logistic curve. Corallite number showed good relationships with the other three 
parameters 0*2 >0.89). The regression between colony area and corallites number 
was close to being linear (Fig. 3.8A). The regression between perimeter and 
corallite number indicated a higher rate of increase in perimeter when the corallite 
number was small, but the rate of increase slowed down when the corallite number 
increased (Fig. 3.8B). This is equally true for the relationship between geometric 
diameter and corallite number (Fig. 3.8C). The Spearman's rank-order correlations 
of these four parameters showed that these four parameters were highly 
inter-correlated (Table 3.1). Colony area would be the best parameter for the 
growth analysis of Oulastrea crispata since it showed the highest mean correlation 
coefficient with the three other parameters (Table 3.1). 
The mean absolute growth rates (AGR) of Oulastrea on the three experimental 
granite rocks fluctuated from season to season (Fig. 3.9A), and the pattern was not 
consistent over time. However, some general trend could still be observed. The 
mean A G R would often drop in autumn (-0.245 to 0.150 cm^/100 days), followed by 
an increase in winter (0.222 to 0.512 cmV100 days). Statistical analysis showed 
that there was significant difference in A G R among seasons (One-way ANOVA, df = 
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3，F = 3.668, p = 0.02). The Tukey's test divided the seasons into two subsets 
(Table 3.2). The AGRs between autumn and winter were significantly different, 
while spring and summer were the transition seasons of change in A G R from winter 
to autumn. Seasonal temperature change was plotted on the same graph with the 
seasonal mean A G R to compare if there was any relationship between these two 
variables (Fig. 3.1 OA). The correlation test showed that temperature and mean 
A G R was slightly negatively correlated, but the correlation was not statistically 
significant (Pearson's production-moment correlation test, r = -0.318，p= 0.248). 
Sometimes, when the temperature was low, the growth rate in the same season of the 
year was high. This pattern, however, was not too consistent. The seasonal mean 
A G R of corals on the natural substratum also fluctuated in a pattern similar to that of 
corals on the three experimental granite rocks within the same sampling period (Fig. 
3.19). The A G R of the corals on natural substratum fluctuated a little bit higher 
than that of those on the three experimental granite rocks. The correlation test also 
demonstrated that temperature and mean A G R was slightly negatively correlated, but 
the correlation was not significant (Pearson's production-moment correlation test, r = 
-0.389，p= 0.340). 
Only colony area was used as the parameter for further growth analyses of Oulastrea 
colonies. The growth curves of coral cohorts recruited in different seasons of 
different years were plotted separately, based on data of individual colony area (Figs. 
3.11 to 3.15) and mean area in different age classes (Figs 3.16 to 3.20). Variation in 
the area of colonies within the same cohort from each season was very high. The 
range of variation increased as individual colonies increased in age. Sigmoid 
curves were fitted to explain the growth pattern of these cohorts over time (Figs. 3.11 
to 3.15). Most of the individuals showed a slower growth rate when they were 
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younger or when they have reached older ages. Similarly, using mean area of age 
classes, sigmoid curves can be best fitted to describe the growth pattern of individual 
colonies (Figs 3.16 to 3.20). For each seasonal cohort, coral area increased 
gradually over time. The growth patterns of different cohorts recruited at different 
seasons appear not to differ too much. They all indicated that the growth rates of 
these cohorts tended to be fastest when they were 200 - 600 to 800 day old. 
For all seasons, the size frequency distribution of Oulastrea colonies on the three 
experimental granite rock surfaces was analyzed by grouping the area size classes at 
1 cm^ intervals, i.e., size class 1, 0 < and <1 cm^; size class 2，1< and <2 cm^; and so 
on,... with size class 16，> 15 cm^. The results indicated that the colonies of 
Oulastrea were highly skewed to the right, with most of the corals in the small size 
classes (Fig. 3.21). The mode of the population size structure was in the smallest 
size class. When the size distribution data were log-transformed (Figure 3.22) and 
the size classes were grouped based on size class intervals of 2" cm^, where n = -1, 0， 
1，2，3，4, then the population structures in all seasons were normally distributed 
(Kolmogorov-Smimov normality tests, p>0.05) (Table 3.3). The population 
structures of Oulastrea shifted slightly from the small size classes to the medium and 
larger size classes over time. This phenomenon could be observed from 98sum to 
99Sum and from 99Aut to 02Sum when there was a shift in the modal size frequency 
distributions (Fig. 3.22). The coral population on these three experimental granite 
rocks was young, and the size frequency distribution was unstable. 
The size range of coral colonies on the natural substratum ranged from 0.05 cm^ to 
75.90 cm^. This size range was too large so only the log-transformed data of area 
sizes were used in the analysis of population structure. The size structure was very 
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Stable, the mode slightly shifted from the size class 5 (4 cm^< and <8 cm】）to size 
class 6 (8 cm^< and <16 cm^) over time (Fig. 3.23). 
Some Oulastrea colonies were observed to form a thin layer of tissue without 
carbonate skeleton at the edge of the colonies. At the beginning, no polyps were 
found on this tissue since no mouth opening of a polyp could be observed (Fig. 3.24). 
In the subsequent sampling season, small polyps were found on this tissue layer. 
This is likely to be a mode of colony growth around the edge of the colony. 
3.4 Discussion 
3.4.1 The mode of budding for Oulastrea 
Forming repeating modules asexually is the way of growth in corals. Oulastrea can 
achieve this through two modes of budding, the extra- and intra-tentacular budding. 
The former is the formation of new polyp(s) outside the tentacular ring of a polyp, 
the latter, inside the tentacular ring. Extra-tentacular budding was observed in the 
whole life history of Oulastrea^ but intra-tentacular budding occurred only when the 
size of Oulastrea was quite large. Lam (2000) reported that intra-tentacular 
budding was formed when the size of Oulastrea was 31mm in diameter. Polyps 
were observed to take as long as one year to complete an intra-tentacular budding in 
Oulastrea (per. obs.). Extra-tentacular budding was the dominant mode of budding 
and was often shown at the boundary of Oulastrea colonies. Some Oulastrea 
colonies were observed to form a thin layer of tissue without carbonate skeleton at 
their edge. This phenomenon was also observed in other species. A few 
specimens of Madracis pharensis also showed the formation of extremely thin crusts 
without CaCOs skeleton during rapid extension (Van Moorsel 1988). Sometimes, 
this rapidly extending crust could be up to 14mm in diameter in Oulastrea. It seems 
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that the formation of this thin layer allowed Oulastrea to occupy the available space 
rapidly and prevent the space from being taken up by other competitors. This 
showed the opportunistic characteristic of Oulastrea. 
3.4.2 The methods of measurement 
In determining coral growth, the selection of measuring method is important. 
Different methods may produce different results. Hubbard & Scaturo (1985) 
measured the linear extension rate of the studied coral species with five growth axes 
and then took a mean to represent the linear extension of the coral colonies. Their 
results showed that if the growth curves were based on only one (vertical axis) or two 
axes (vertical and horizontal axes), the data would deviate significantly away from 
the mean. If three axes (vertical, horizontal and intermediate axes) were used in 
forming growth curves, the data showed generally good agreement with the mean. 
Hubbard & Scaturo (1985) showed that if the experiment was only designed to 
compare the effect of light on the growth of coral colonies, then measuring the 
vertical axis would be enough to reveal the effect. But if the experiment was to 
measure the effect of light on the overall change of a coral colony, a multiple 
measurement of several axes was needed. This indicated that the selection of 
parameter to be measured must be considered in relation to the purpose of the 
experiment. Meesters et al. (2001) measured the surface area of Caribbean corals in 
Curacao by using three growth axes (length, width and height) and approximating the 
corals to a geometric shape, while Soong (1993) measured the surface area of 
Caribbean corals in Panama using width times maximum length. If Meesters et al. 
(2001) calculated the coral surface areas of the same coral colonies using Soong's 
method, their results would vary highly with two to three folds of difference 
compared with that obtained using three growth axes. This indicated that without 
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including height in the calculation of coral surface area would have a great effect on 
surface area estimation. 
In this research, four parameters (area，perimeter, geometric diameter and corallite 
number) were used to measure the growth of Oulastrea crispata. These four 
parameters are inter-correlated, i.e. if one parameter increases, the other parameters 
will follow the change, vice versa. Theoretically, all these parameters can be 
measured directly in the field. Area can be estimated by using an acetate sheet on 
which about 100 small squares with uniform size (Imm^ or cm�）are drawn. The 
area is estimated by counting the number of squares intercepted by the coral colony. 
Perimeter can be measured by using a foldable ruler to follow the circumference of 
the coral colony. The geometric diametric can be determined by using a ruler to 
measure the lengths of the colony. The corallite number can be directly counted. 
However, it is quite difficult to measure these parameters in practice. A large effort 
is needed especially under relatively high energy conditions. The margin of errors 
of the measurement could also be very high. In this research, the measurement of 
area, perimeter and geometric diameter was carried out in the laboratory based on the 
video images taken in the field. Only the counting of corallite number was done 
directly in the field. The latter was relatively easy to do, at least for Oulastrea 
crispata，and was not readily affected by the physical conditions in the field. 
Area and perimeter are two dimensional while geometric diameter is one 
dimensional. If a coral colony has three dimensional morphology, these three 
parameters may not accurately reflect the three dimensional change of the coral 
colony. Although counting the change in corallite number can cover the whole 
surface area, there are some limitations in applying this method. Counting of 
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corallite number in a colony is a method that is seldom used in other researches. It 
is not a method suitable for all coral species as the corallite size of some corals is too 
small or the size of a colony may be too large for all corallites to be counted in the 
field. Change in corallite number could be used as a parameter to indicate coral 
growth. However, the size of corallites within a colony in some species could be 
quite variable. Sometimes a colony might have a sudden increase in the number of 
small corallites at the edge, but then the corallite number would not change for a 
considerable period while the size of the colony was increasing because the size of 
these small corallites had increased. 
Oulastrea colony is flat with little upright development so its growth can be more 
accurately determined by using two dimensional parameters, such as area and 
perimeter. The Spearman's rank-order correlation results among these four 
parameters showed that area was the best parameter for the growth analysis of 
Oulastrea as it was best correlated (i.e. with the highest mean correlation coefficient) 
with the other three parameters. Moreover, area would be more suitable in 
measuring coral colonies with partial mortality. In this case, the area of a colony 
could be reduced but the perimeter could increase because of the presence of 
irregular margin around the colony due to partial mortality. The boundary of some 
colonies with partial mortality could be so irregular such that the length of the 
perimeter became highly extended. Using perimeter as a growth parameter could 
therefore over-estimate the growth of coral. If a coral colony was fragmented into 
patches of living tissue because of partial mortality, the colony could still be 
observed as one entity structurally and be considered as one colony. In such a 
situation, perimeter and geometric diameter would not be suitable for growth 
measurement, but area and corallite number could still be applicable by adding up 
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the areas or corallite number of the fragments. Of the four parameters measured in 
the present study, changes in colony area were therefore considered to be most 
suitable for measuring the growth of Oulastrea crispata. 
Video taking technique was used in this study to monitor the growth of Oulastrea. 
This technique is suitable for Oulastrea^ since the morphology of Oulastrea is flat 
with little upright development. Its growth can be more accurately indicated by the 
two dimensional video image. This technique is also suitable for juvenile corals of 
other species. Even though other coral species may have an extensive vertical 
growth in adult, the upward growth during their juvenile stages within the first or 
second-year of recruitment is usually not significant. Furthermore, video taking 
technique does not cause any destruction to the studied corals, while the Alizarin Red 
S dye and X-ray radiographic techniques are destructive. Corals are protected 
worldwide. For coral growth studies, it is better to employ techniques that cause as 
little damage to the corals as possible, especially in places like Hong Kong where the 
coral communities are limited in size. 
3.4.3 Limitation in searching for new recruits 
In this research, visual survey was applied to monitor the recruitment and mortality 
of Oulastrea in situ, and to follow the fate of each recruit thereafter. Each 0.25m^ 
quadrat was searched intensively each time for the presence of new recruits. The 
size of a new coral recruit is very small, generally less than 0.2cm in diameter (Fisk 
1981，Van Moorsel 1983). Some of the new recruits on the study area could be 
overlooked because of their small size. Hence, when they were first observed, their 
sizes were already quite large. This explains why the sizes of new recruits observed 
in this study varied widely, ranging from 0.2cm to 2cm in diameter with a mean of 
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0.72cm. Provision of artificial settlement plates is the common technique used to 
study the settlement of corals. The plates could be removed and examined under 
the microscope (Smith 1992，Babcock 1985), and a new recruit with much smaller 
size could be observed. This would minimize the new recruits from being 
overlooked. This microscopic method could be more accurate in determining coral 
recruitment, but the new recruits are often sacrificed. In this research, since not 
only the recruitment rate but also the growth of individual Oulastrea crispata 
colonies needed to be determined, hence the microscopic method with provision of 
removable artificial substrata was not employed. 
3.4.4 The variation in the growth curves of Oulastrea 
Loya (1976) demonstrated that the growth curves of corals were sigmoid in shape 
with an exponential increase in the early stage. The growth curves of Oulastrea on 
the three experimental granite rocks from 1998 to 2002 were all best described with 
sigmoid curves or quadratic regression lines using different growth parameters. All 
these growth curves indicated a high growth rate in the early stage of the recruits. 
There was strong selection pressure acting on corals in their early stage to maintain a 
high growth rate so that they can reach a certain size to escape from whole-colony 
mortality (Hughes & Jackson 1985). However, after the early stage, the growth rate 
of Oulastrea slowed down gradually, or even became negative if the coral colony 
suffered partial mortality. The mean absolute growth rate of Oulastrea in the first 
year was relatively low in this study, only 0.302 (±0.461) mm/month in geometric 
diameter, compared with the growth rates of 0.9 to 1.04 mm/month in another study 
(Lam 2000). The rate calculated from the present study is likely to be a more 
realistic one as Lam's result was based on the first year growth of Oulastrea in 
open-air tanks and no partial mortality was mentioned. The growth of Oulastrea in 
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this research was measured in situ. The conditions in natural environment are likely 
to be much harsher than the protected environment in open-air tanks. The coral 
colonies in situ might suffer partial mortality so often as to reduce their overall mean 
growth rate. 
3.4.5 The seasonal changes in growth rates 
The absolute growth rate of Oulastrea was found to be significantly different 
between the winter and the autumn seasons. The mean absolute growth rate was 
generally the highest in winter (0.361 士 0.135 cmV100 days) and the lowest in 
autumn (0.074 士 0.249 cm^/100 days). This finding was similar to that observed by 
Lam (2000). Both showed an increase in the growth rate of Oulastrea in the coldest 
season. Locally, Collinson (1997) also demonstrated an increase in growth from 
warm months to cold months for the species oiPorites lobata. In contrast, increase 
in growth rate in warm season was recorded for Acropora palmata, A. prolifera 
(Gladfelter et al. 1978)，and Porites lobata (Buddemeier & Kinzie 1975，Klein & 
Loya 1991) in tropical regions. Irradiance and temperature are believed to be the 
major factors controlling seasonal variation in tropical areas. Higher irradiance and 
temperature, these two factors are correlated, would facilitate the formation of coral 
skeleton, and hence, the growth rate (Buddemeier & Maragos 1974, Lough & Bames 
2000). The seasonal change in the growth rate of Oulastrea crispata in Hong Kong 
was the opposite of that found in the coral growth study of the tropical species 
mentioned above. This implies that light and temperature were not the key factors 
in affecting the growth of Oulastrea, Other factors, such as sedimentation or cost of 
reproduction, might be more important. Wong (2001) found high sedimentation 
rate to occur in summer and autumn, and low sedimentation rate in winter and spring 
in the same study site in AYW, IPC. High sedimentation would reduce the growth 
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rate of corals (Rogers 1983，Van Woesik & Done 1997). This might explain why 
the growth rate of Oulastrea was low in autumn and high in winter. On the other 
hand, reproductive cost was high for most organisms. The growth rate of organisms 
could be decreased during the reproductive period. Lin (2003) showed that, based 
on histological data，Oulastrea is most likely to spawn between May and June, with a 
second peak of gamete release in September. These two events occurred in the end 
of spring and summer respectively. It is possible that Oulastrea used up the energy 
for reproduction in spring and summer. It started to restore its energy loss in 
autumn so the growth rate during this season remained slow. Subsequently, more 
food resources were utilized for growth, thus the growth rate was high in winter. 
Furthermore, the tentacles of Oulastrea were always observed to be extended in 
winter but this phenomenon was not common in summer and autumn. Extension of 
polyps enhances the ability of the coral to obtain more foods in winter. It is worth 
studying the seasonal variation of growth for other species in Hong Kong to see if 
high growth rate in winter is a common phenomenon. 
3.4.6 The variation of size structures 
The population size distributions of Oulastrea colonies on three experimental granite 
rocks were highly skewed to the right in normal arithmetic scale and normally 
distributed in log-transformed scale. The population structure of Oulastrea colonies 
on the natural substratum was normally distributed in log-transformed scale. Bak & 
Meesters (1998) suggested that geometrically transformed size frequency distribution 
could provide more hidden information about the coral population, since the highly 
skewed distributions in arithmetic scale could become normally distributed after log 
transformation. If a size frequency distribution was normally distributed, more 
statistical tests could then be applied to the data to evaluate the characteristics of the 
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population structure. The coral population on the three experimental granite rocks 
was established for only four and a half years. Most of the individuals were young, 
hence their size structure was unstable. Based on the size structures of the 
population observed in different seasons on the three experimental granite rocks, the 
population of Oulastrea was healthy, as there was a continuous input of new recruits 
and a shift of the population from smaller size classes to larger size classes over time. 
In comparison, the coral colonies on the natural substratum had been recruited for 
quite a long time so the size structure was more fixed as the structure was determined 
more by growth of surviving colonies than by recruitment of new individuals. Most 
of the coral populations in the tropical regions had been formed long time ago. 
They also formed stable log-normal size structure distributions (Pak & Meesters 
1978). Size structure distribution of corals could be used as an indicator of the 
environmental condition as some species like Colpophyllia natans and Diploria 
labyrinthiformis were sensitive to environmental change (Meesters et al. 2001). If a 
population was affected by predators like Acanthaster planci, the population 
structure would skew to the right towards a large proportion of smaller colonies 
(Fong & Glynn 1998). On the other hand, if a population was under environmental 
degradation, the population structure would skew in the opposite direction (Meester 
1999). In contrast, Oulastrea crispata is a pioneering species that can survive under 
very harsh environmental conditions. The size structure of Oulastrea could also 
serve as an indicator of environmental condition, e.g. whether the size structure is 
dominated by young recruits or by older, more established colonies. The former is 
an indication of a more unstable but dynamic environment where new spaces are 
being opened up more frequently. 
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3.4.7 Conclusions 
This present research focused only on the growth of Oulastrea crispata. This type 
of longer term study is not common worldwide, and has never been done on any 
coral species in Hong Kong. The present study is just a start, and hopefully it can 
be a reference for use in further study of other coral species with a more complicated 
growth pattern. Monitoring the size structure changes of other coral species would 
be useful to serve as a comparison to evaluate the role of environmental impacts in 
determining the population and community structures of corals. 
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Table 3.1 Results of Spearman's rank-order correlation showing the correlation 
among the four growth parameters used to evaluate the growth of Oulastrea crispata 
colonies. N=2100, all p values <0.01. The mean r-value for one parameter is the 
mean correlation coefficients of that parameter with the other three parameters. 
Parameters Area Perimeter GeometricDiameter Mean r-value 
Area 丨一 / 一 / 0.983 (±0.010) 
Perimeter 0.992 / / 0.977 (±0.011) 
GeometricDiameter 0.994 0.984 / 0.979 (土0.010) 
Corallite No. 0.962 0.954 0.960 | 0.959 (±0.002) 
Table 3.2 The results of Tukey's test showing the division of the absolute growth 
rate of colonies of Oulastrea crispata in different seasons into different subsets. 
Subset for alpha = .05 
SEASONS N f  
1 2 
Autumn 12 -0.0242 
Spring 9 0.172 0.172 
Slimmer 12 0.224 0.224 
Winter 11 0.316 
p-value 0.126 0.562 
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Table 3.3 Kolmogorov-Smimov normality tests showing the p values of normality 
tests on log-transformed size structure data of Oulastrea crispata colonies found in 
different seasons on the three experimental granite rocks and the natural substrata. 
Seasons Three experimental rocks Natural substrata 
98Summer ^ / 
98Autumn ^ / 
98Winter ^ / 
99Summer 0.44 / 
99Autumn 0.45 / 
99Winter ^ / 
OOSpring ^ / 
OOSummer ^  
OOWinter ^ ^  
01 Spring ^ ^  
01 Summer ^ ^  
01 Autumn ^ ^  
01 Winter ^ ^  
02Spring ^ ^  
02Summer ^ ^  
02Autumn ^ ^  
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Figure 3.1 The growth o f Oulastrea crispata colonies recruited on the experimental granite 
rocks over different time intervals. Growth was measured using (A) colony area (B) Log 
transformed colony area (C) Mean (土 S.D.) area of colonies grouped in fifty days intervals. 
Each curve line was the best fitted line with the highest r^  value. 
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Figure 3.2 The growth o f Oulastrea crispata colonies recruited on the experimental granite 
rocks over different time intervals. Growth was measured using (A) Perimeter of each 
colony (B) Log transformed perimeter data (C) Mean (土 S.D.) perimeter of colonies grouped 
in fifty days intervals. Each curve line was the best fitted line with the highest r^  value. 
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Figure 3.3 The growth of Oulastrea crispata colonies recruited on the experimental granite rocks 
over different time intervals. Growth was measured using (A) Geometric diameter of each colony (B) 
Log transformed geometric diameter (C) Mean (土 S.D.) geometric diameter of colonies grouped in 
fifty days intervals. Each curve line was the best fitted line with the highest r^  value. 
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Figure 3.4 The growth o f Oulastrea crispata colonies recruited on the experimental granite 
rocks over different time intervals. Growth was measured using (A) Corallite number of 
each colony (B) Mean (土 S.D.) corallite number of colonies grouped within fifty days 
intervals. Each curve line was the best fitted line with the highest r^  value. 
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Figure 3.5 The growth of Oulastrea crispata colonies found on the natural substrata over 
different time intervals. Growth was measured using (A) Colony area (B) Log transformed 
colony area (C) Mean (土 S.D.) area of colonies grouped in each sampling season. Each 
curve line was the best fitted line with the highest r^  value. 
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Figure 3.6 The growth of Oulastrea crispata colonies found on the natural substrata over 
different time intervals. Growth was measured using (A) Perimeter of each colony (B) Log 
transformed perimeter data (C) Mean (土 S.D.) perimeter of colonies grouped in each 
sampling season. Each curve line was the best fitted line with the highest r^  value. 
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Figure 3.7 The growth of Oulastrea crispata colonies found on the natural substrata over 
different time intervals. Growth was measured using (A) Geometric diameter of each 
colony (B) Log transformed geometric diameter (C) Mean (士 S.D.) geometric diameter of 
colonies grouped in each sampling season. Each curve line was the best fitted line with the 
highest r^  value. 
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Figure 3.8 The relation between corallite number and different colony parameters: (A) 
Area (B) Perimeter (C) Geometric diameter of Oulastrea crispata colonies on the 
experimental granite rocks. The regression curves were the best fitted lines with the highest r^  value. 
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Figure 3.9 The seasonal differences of mean (土 S.D.) absolute growth rate of Oulastrea 
crispata colonies on (A) the experimental granite rocks, (B) the natural substratum. 
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Figure 3.10 The seasonal differences of the mean (土 S.D.) absolute growth rate of Oulastrea 
crispata colonies plotted with mean (± S.D.) temperature change in different seasons (A) 
Oulastrea crispata colonies on three experimental granite rocks, (B) on the natural 
substratum. 
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Figure 3.11 The growth of Oulastrea crispata cohorts recruited on the experimental granite 
rocks in 1998 measured as changes in the area of each colony over time. Each curve was 
the best fitted line with the highest r^  value. 
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Figure 3.12 The growth of Oulastrea crispata cohorts recruited on the experimental granite 
rocks in 1999 measured as changes in the area of each colony over time. Each curve was 
the best fitted line with the highest r^  value. 
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Figure 3.13 The growth of Oulastrea crispata cohorts recruited on the experimental granite 
rocks in 2000 measured as changes in the area of each colony over time. Each curve was 
the best fitted line with the highest r^  value. 
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Figure 3.14 The growth of Oulastrea crispata cohorts recruited on the experimental granite 
rocks from 2001 spring to 2001 autumn measured as changes in the area of each colony over 
time. Each curve was the best fitted line with the highest r^  value. 
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Figure 3.15 The growth of Oulastrea crispata cohorts recruited on the experimental granite 
rocks from 2001 winter to 2002 summer measured as changes in the area of each colony 
over time. Each curve was the best fitted line with the highest r^  value. 
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Figure 3.16 The growth of Oulastrea crispata cohorts recruited on the three experimental 
granite rocks in 1998 measured as changes in the mean area of colonies grouped in different 
age classes. Each age class =50 days. Each curve was the best fitted line with the highest 
r^  value, 
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Figure 3.17 The growth of Oulastrea crispata cohorts recruited on the three experimental 
granite rocks in 1999 measured as changes in the mean area of colonies grouped in different 
age classes. Each age class =50 days. Each curve was the best fitted line with the highest 
r^  value. 
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Figure 3.18 The growth of Oulastrea crispata cohorts recruited on the three experimental 
granite rocks in 2000 measured as changes in the mean area of colonies grouped in different 
age classes. Each age class =50 days. Each curve was the best fitted line with the highest 
r^  value. 
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Figure 3.19 The growth of Oulastrea crispata cohorts recruited on the three experimental 
granite rocks from 2001 spring to 2001 autumn measured as changes in the mean area of 
colonies grouped in different age classes. Each age class =50 days. Each curve was the 
best fitted line with the highest r^  value. 
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Figure 3.20 The growth of Oulastrea crispata cohorts recruited on the three experimental 
granite rocks from 2001 winter to 2002 summer measured as changes in the mean area of 
colonies grouped in different age classes. Each age class =50 days. Each curve was the 
best fitted line with the highest r^  value. 
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Figure 3.21 The mean (士 S.D.) size class distribution of Oulastrea crispata colonies on the three experimental 
granite rocks over different seasons from 1998 to 2002. n is the total number of colonies on all three rocks. 
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Figure 3.22 The log transformed mean (土 S.D.) size class distributions of Oulastrea crispata on the three experimental granite 
rocks over different seasons from 1998 to 2002. n is the total number of colonies on the three rocks. 
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Figure 3.23 The log transformed size class distributions of Oulastrea crispata colonies on the 
natural substratum over different seasons from 00 summer to 02 autumn, n is the total number of 
colonies in the six permanent quadrats on the natural substratum. 
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M 
Figure 3.24 Formation of a thin tissue layer at the margin of Oulastrea crispata colonies. 
The tissue layer is indicated by an arrow in both (A) and (B). 
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Chapter 4 
The interaction between a scleractinian coral 
Oulastrea crispata and macroalgae 
4.1 Introduction 
Competition is an interaction among individuals which utilize the same limited 
resources，and results in the reduction of fitness in the competing individuals (Krebs 
2001). The limited resources for corals and algae are light and space (Carpenter 
1990). On which side will the competitor prevail in the competition will depend on 
the algal functional groups and the growth forms of the corals involved (reviewed by 
McCook et al. 2001). In some cases, corals can overgrow or even kill the algae 
(Meesters et al. 1994，1997), while in others, algae may smother some coral species 
and cause coral death (Glynn 1973，Connell 1973). In most situations, however, 
corals and algae can co-exist. They may inhibit the growth and reproduction of 
each other through different mechanisms, such as shading or allelopathy (Bames & 
Chalker 1990’ Littler & Littler 1997a). Besides competition, algae may have a 
beneficial effect on corals. Crustose coralline algae were reported to facilitate coral 
settlement (Heyward & Negri 1999). In fact, there is no fixed competitive 
superiority between algae and corals. Some algae may either be competitive to or 
be overgrown by corals (Bak et al 1977). 
There are various ways to study the interactions between algae and corals. Overall, 
the studies can be grouped mainly into four categories. Firstly, the effect of algae 
on coral can be compared directly among manipulative treatments with or without 
algal removal. Miller & Hay (1996) demonstrated that the growth and recruitment 
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of Oculina arbuscula were inhibited in control plots without algal clearance. 
Secondly, the algal-coral competition can be tested indirectly through herbivory 
manipulations. Under the condition of herbivore exclusion, algae might increase 
rapidly and influence the growth and survival of the corals (e.g. Sammarco 1980, 
Lewis 1986). Thirdly, the influence of algae on corals can be determined indirectly 
from some natural events, such as eutrophication (Wittenberg & Hunte 1992) and the 
Caribbean-wide mortality of sea urchin Diadema antillarum (Hughes 1994). 
Hughes (1994) showed a high decline in coral cover from 52% to 3% and an increase 
in algal cover from 4 to 92% under a mass mortality of D. antillarum in Jamaica. 
The scale of these "natural experiments" is much larger than that in the two methods 
mentioned above. Fourthly, evidence may be obtained from direct observations of 
the competition between corals and algae. Most of the evidences came from the 
overgrowth or killing of corals by algae and are supported by photographs taken in 
the field (e.g. Banner 1974, De Ruyter van Steverinck et al. 1988). However, one 
should be careful in designing and interpreting the results of algal-coral competition, 
since most of the evidences from competition were indirect or correlative (McCook 
et al. 2001). Even though corals were observed to be overgrown by algae, this 
might not reflect the competitive superiority of algae. Algal invasion may be the 
consequences or the causes of coral death. In order to test the competitive effects of 
algae on corals, it is important to design an experiment that can directly and clearly 
show the effect. 
From the past experiments, the effects of algae on coral can be summarized by five 
mechanisms. First, the algal thalli may whip the coral surface under water 
movement and cause physical damage on the corals by abrasion (Miller & Hay 1996). 
Second, algae may release allelochemicals which are believed to be a defense against 
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herbivores. The allelochemicals may potentially reduce coral growth (Littler 8c 
Littler 1997, River & Edmunds 2001). Third, the holdfast or the thalli of creeping 
algae may cover the coral surface and kill the corals by smothering (Coyer et al. 
1993). Fourth, the canopy of algae can shade the corals underneath. The shading 
effect reduces the food available for corals due to the decrease in the photosynthetic 
rate of their symbiotic zooxanthellae (Miller & Hay 1996). Finally, the holdfast and 
the thalli of algae, especially the creeping ones, will occupy the space and reduce the 
recruitment rates of the corals, as well as the survivorship of the new recruits 
(Hughes & Jackson 1985). In summary, algae can compete with corals by reducing 
coral recruitment, its growth rate, or even by killing the corals. The effect of algae 
on corals may be enhanced by some physical disturbances, such as sedimentation, 
eutrophication or hurricane (Wittenberg & Hunte 1992，Hughes 1994). 
The impact of algae on corals is becoming more and more important as more and 
more evidences were being shown of a phase shift in many coral reefs from a 
community dominated by corals to one dominated by algae due to natural or 
anthropogenic disturbances (Hughes 1994). Grazers may suffer species specific 
diseases and cause mass mortality. The reduction in grazing activities will result in 
rapid increase in algal coverage and a decline in coral populations such as the case in 
Jamaica (Hughes 1994，River & Edmunds 2001). Overfishing causes the depletion 
of herbivorous fish population. The decline of herbivory enhances the growth of 
macroalgae (Hughes 1994). Additionally, eutrophication may result because of the 
huge amount of sewage being discharged into the sea from increasing urban 
development. High nutrient contents in water favour the rapid growth of algae 
(Smith et al. 1981). The dramatic increase in algal growth intensifies the 
competition between algae and corals. In some areas like in Jamaica, the result was 
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a shift in their community composition, from a coral dominated environment to an 
algae dominated one (Hughes 1994). 
The results in the previous two chapters showed that the recruitment rate of 
Oulastrea was highest in 2000 winter (7.72 recruits/m^ ), and lowest in 2002 autumn 
(0.34 recruits/m^ ). After a high recruitment rate in 00 winter, the recruitment 
dropped highly, and decreased gradually thereafter. Moreover, most Oulastrea 
colonies were observed to be covered by macroalgae and experienced partial 
mortality. Thus there was a need to evaluate the effects of macroalgae on Oulastrea. 
In addition, most of the coral-algal interaction researches were carried out in the 
Great Barrier Reef or the Caribbean Reef (McCook et al. 2001). Only a few 
researches were related to temperate or subtropical environment (Miller & Hay 1996, 
Stachowicz & Hay 1999). There is a lack of information on coral-algal interaction 
in subtropical areas such as Hong Kong. 
This chapter describes the results of an experiment carried out in A Ye Wan (AYW), 
Tung Ping Chau, an outlying island situated in northeastern Hong Kong, to examine 
the effect of algal cover on the coral Oulastrea crispata. In mid 1997, a temporary 
pier was torn down and many large granite rocks were left in the shallow subtidal 
area in A Y W . Oulastrea crispata was the dominant species found to recruit on 
these granite rocks. Oulastrea crispata is a pioneer species that recruits on any 
newly opened up space. Normally, it forms flat and round colony with little upright 
development, so is easy to be overgrown by algae. In 2001 summer, algae were 
observed to cover extensively the individual Oulastrea crispata colonies on the 
granite rocks. An experiment was therefore conducted with the aim of testing the 
effect of algae on Oulastrea crispata colonies, especially on their rates of recruitment, 
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mortality, as well as growth. 
4.2 Materials & methods 
4.2.1 Sampling in the field 
Three granite rocks had been haphazardly selected for the monitoring of growth and 
population dynamics of Oulastrea crispata, as detailed in Chapters 2 and 3. 
Sampling was carried at every three months interval. In the autumn of 2001, three 
treatments were set up on each rock to study the effect of algae on Oulastrea crispata. 
These were the algal clearance treatments, the disturbance controls and the 
unmanipulated controls (Fig. 4.1). Three quadrats on each rock were chosen 
randomly for the clearance treatments and another three as the unmanipulated 
controls. The remaining quadrats (7 on rock#l, 2 on rock#2, 9 on rock#3) on each 
rock were designated as the disturbance controls. In the clearance treatments, algae 
inside the quadrats were removed at the start of the experiment. Any algae found at 
every sampling season were also cleared. The algae in the unmanipulated controls 
were left intact. In the disturbance controls, only the algae found around the edge 
of each coral colony were scraped off, such that a clear image of the coral colony 
could be taken by a video recorder. Clearing action in the disturbance controls was 
similar to the way the algae were removed in the previous studies on coral 
recruitment, mortality and growth (Chapters 2 and 3). 
The colonies in the clearance treatments and the disturbance controls were monitored 
in the same way as described in Chapters 2 and 3. First, each quadrat was searched 
for new recruits. Next, the position of the colonies found was located and the status 
of each Oulastrea crispata colony (alive, partial mortality or dead) was recorded. 
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Then, the number of corallites of each colony was counted and the video image taken. 
Sampling was carried out approximately every three months. For the 
unmanipulated controls, the quadrats were searched for the presence of new recruits. 
If a colony found in the previous sampling could not be located in the ongoing 
sampling due to overgrowth by algae, the algae would be kept intact and the status of 
the colony would be checked again at the end of the experiment. If a colony could 
be spotted without removing the algae, the status of the coral would be recorded and 
monitored for growth and survival. At the end of the experiment in Jan 2003, all 
algae around the surviving colonies in the unmanipulated controls were cleared and 
video image of each colony taken. 
4.2.2 Works in the laboratory 
The calculation for recruitment and mortality rate followed that described in Chapter 
2. Briefly, if a colony was first observed in a location, it was considered to be a 
new recruit. If a previously found colony could not be relocated for two to three 
seasons, it was considered to be dead. The recruitment rate was the number of new 
recruits in a certain time interval divided by the sampling area. The mortality rate 
was the number of dead colonies divided by the total number of colony on the 
sampling area within a certain time interval. Partial mortality frequency was the 
percentage of the number of colonies with negative growth within the sampling 
period over the total number of colonies in the sampling area. The video images 
were analyzed in the same way described in Chapter 3 to determine the area, the 
perimeter as well as the geometric diameter of each colony. Firstly, the video was 
captured in the computer by using the computer software called "Capview". 
Another computer software called "Image Pro Plus 4.5" was used for image analysis 
to measure the three designated parameters. Absolute growth rate (AGR) was 
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calculated as an increase or decrease in colony area over a time interval (the actual 
growth days between two consecutive sampling seasons) based on the following 
equation: 
( r 2 - r i ) 
Where Ai was the area of the coral at time Ti, A2 was the area of the same coral 
at time T2. T! and T2 were days. Since the daily A G R value was very small, it 
was multiplied by 100 to form the 100-days AGR. 
For the data analysis, no attempt was made to compare the differences in recruitment, 
mortality, A G R s or partial mortality frequency of Oulastrea colonies among quadrats. 
Thus, rocks instead of quadrats were treated as replicates and One-way A N O V A was 
I used to test the differences in these parameters among treatments. Prior to A N O V A 
test, Kolmogorov-Smirrov test (Zar 1996) was used to test for normality of the data, 
and Levene's test for homogeneity of variance. If the data could not pass these two 
tests, a non-parametric Kruskal-Wallis test was used to analyze the data instead. 
4.3 Results 
4.3.1 Effects of algae on recruitment rates 
The presence of algae exhibited a major effect on the recruitment of Oulastrea (Fig. 
4.2). The recruitment rates were the highest in the clearance treatments (23.1 土 
9.84 recruits/m^ ), intermediate (6.90 士 7.93 recruits/m^ ) in the disturbance controls 
(1.33 土 1.34 recruits/m^ ), and lowest in the unmanipulated controls. The 
recruitment rates in the unmanipulated controls (0-2.67 recruits/m ) were all lower 
0  
than those in the clearance treatments (12.00-30.67 recruits/m ). The statistical 
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results showed significant difference among treatments (One Way ANOVA, F=7.148, 
df =2, p=0.026). The post hoc test (Tukey's' test) demonstrated that the recruitment 
rates in the clearance treatments were significantly different from those in the 
unmanipulated controls, while the recruitment rates in the disturbance controls were 
not statistically significantly different from those in the clearance treatments and the 
unmanipulated controls (Table 4.1). 
4.3.2 Effects of algae on colony mortality 
The whole colony mortality rates in the three treatments were more or less the same 
(Fig. 4.3). The whole colony mortality rates in the clearance treatments ranged 
from 13.1% to 31.8%, 9.5% to 25.6% in the unmanipulated controls, and 0% to 
20.1% in the disturbance controls. There was no significant difference in the whole 
colony mortality rates among the three treatments (One Way ANOVA, F = 0.633, df 
= 2，p = 0.563). 
4.3.3 Effects of algae on absolute growth rates 
All the mean absolute growth rates (AGRs) of Oulastrea colonies in the 
unmanipulated controls were negative (from -0.116 to -0.182 cm^/lOOdays), and 
those in the clearance treatments and the disturbance controls were positive, except 
the A G R of coral colonies on rock #2 in the clearance treatment (Fig. 4.4). 
However, the statistical test showed that the AGRs of coral colonies among 
treatments were not significantly different (Kruskal-Wallis test, 5.422, df = 2, p 
=0.066). 
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4.3.4 Effects of algae on the partial mortality frequency 
The partial mortality frequencies of Oulastrea colonies in the unmanipulated controls 
were almost twice (77.8% 土 6.74%) as much as those in the clearance treatments 
(31.9% 土 6.30%) and the disturbance controls (28.6% 土 14.0%) (Fig. 4.5). The 
partial mortality frequencies of the coral colonies in the clearance treatments and the 
disturbance controls were quite close. The partial mortality frequencies in the 
clearance treatments and the disturbance controls were statistically significantly 
different from those in the unmanipulated controls (One Way ANOVA, F = 24.934, 
df= 2, p = 0.001) (Table 4.2). 
4.4 Discussion 
Lobophora variegata (Fig. 4.6) was the dominant algal species which almost covered 
the whole surfaces of the experimental granite rocks. It could be found year round. 
L. variegata is a brown macroalga that can also be found in the Caribbean and the 
Red Sea as well (Fishelson 1973，De Ruyter van Stveninck et al. 1988). The 
turnover rate was high for L variegata with half lives of 9-39 days for their blades 
(De Ruyter van Steveninck & Breeman 1987). In the present study, some other 
algal species such as Padina spp. and Sargassum spp. also recruited on the 
experimental rocks in winter. They were bushy in habit, and they died-back in late 
spring. L. variegata was the major macroalga observed to affect the demography of 
Oulastrea due to its crustose and creeping characteristics. In each sampling, most 
Oulastrea colonies were found to be partly or completely overgrown by L. variegata. 
Padina and Sargassusm would only occupy the rock surface with their holdfast and 
cause shading and abrasion effects on Oulastrea. 
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The results in the study showed that the recruitment rates were highest in the 
clearance treatments and were significantly different from those in the unmanipulated 
controls. This shows that the recruitment of Oulastrea was affected by the presence 
of algae. Macroalgae, especially some encrusting, creeping forms, would occupy 
the space and limit the recruitment of corals (Hughes 1994). These algae would 
occupy much more space than the leathery algae, which would only pre-empt the 
space with their holdfasts. However, Miller & Hay (1996) showed that the shading 
of the canopy from the bushy algae would also inhibit coral recruitment. In 
addition, Tanner (1995) found a large reduction in fecundity of Acropora palifera 
under the influence of algae. Hence, algae could reduce the fecundity of some coral 
species and so, also their recruitment. In the present study, the macroalgae were 
cleared in every sampling season in the clearance treatment so the effects of 
macroalgae on recruitment were small. In the disturbance control, only the algae 
found around the edge of each coral colony were removed. Thus most of the areas 
on the disturbance controls were still covered by algae. Their algal cover was 
slightly lower than that in the unmanipulated controls but was much higher than that 
in the clearance treatment. The Tukey's test showed that the recruitment rates of 
Oulastrea colonies in the disturbance controls were in between of those in the other 
two treatments and were not significantly different from those in the other two 
treatments. This also demonstrated that algal cover influenced the coral recruitment 
rate since a slight reduction in algal cover in these disturbance controls would have 
already increased their coral recruitment rates. 
The results from this present study showed that the mortality rates of Oulastrea were 
not significantly different among treatments. This suggests that the effects of 
macroalgae on the whole colony of Oulastrea were not strong enough to cause the 
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death of the whole colony. Even though no significant difference in the mean 
absolute growth rates (AGRs) of Oulastrea colonies in the three treatments was 
detected statistically, the AGRs in the unmanipulated controls were negative while 
almost all values of AGRs in the clearance treatments and the disturbance controls 
were positive. This is suggesting that there were some effects of the algae on the 
growth of Oulastrea, mainly in the form of partial mortality and in reducing the sizes 
of the colonies. This is clearly demonstrated in the results on the partial mortality 
frequency of Oulastrea colonies. In the unmanipulated controls, the partial 
mortality frequency of Oulastrea colonies was higher and significantly different from 
that of the colonies in the clearance treatments and disturbances controls. During 
each sampling, most Oulastrea colonies were observed to be covered by Lobophora. 
The coral polyps overgrown by the algae could be bleached or dead (Fig. 4.6，Fig. 
4.7)，so the size of the colony was reduced. This phenomenon was also reported by 
Hughes (1989). In addition, sediment was found to be trapped beneath the 
macroalgae and to cover the openings of the corallites (Fig 4.8). Sedimentation 
could have a synergistic effect with algae in influencing the growth and mortality of 
Oulastrea. The shading and abrasion effects from the leathery algae in winter could 
also influence the demography of Oulastrea, but the effect of overgrowth by 
Lobophora should be more direct and important than the shading effect by other 
macroalgae. Further experiments should be conducted to test the shading effect of 
algae on Oulastrea. 
The encrusting growth form of Oulastrea makes it vulnerable to be overgrown by 
macroalgae. However, McCook et al. (2001) suggested that the coral polyp size 
and the tentacle size might be more important in affecting the consequence of 
interactions between algae and corals. On the experimental substrata in the present 
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Study, several other coral species were also recruited, including the corals from the 
genera of Favia, Favites, Porites and Platygyra. Oulastrea was the only coral 
species found to be easily overgrown by Lobophora. Most of these other coral 
species had an encrusting growth form in their juvenile stage as well, but they were 
not observed to be easily overgrown by Lobophora. It appears that these other coral 
species have their own mechanisms to defend themselves against the invasion of 
macroalgae. The defence mechanisms could be stinging from their sweeper 
tentacles (Chomesky 1983) or the release of allelochemicals (Littler & Littler 1997). 
The polyp size might not be a key factor in determining whether a coral would be 
overgrown by algae or not, since the polyp size of Porites (1-2 mm) was much 
smaller than that of Oulastrea (7-9 mm). Lobophora did not overtop the Porites 
colonies (per. obs.). 
Other than macroalgae, there were also other sessile organisms that were recruited on 
the three experimental granite rock surfaces. Oysters were among the organisms 
most commonly found, but most of them died subsequently. They were also 
covered by Lobophora. While on one hand oysters could compete for spaces with 
the colonies of Oulastrea on the rock surface, on the other hand their shells were 
observed to be providing the space for corals to recruit and grow. Thus, oysters 
might have both beneficial and adverse effects on the survival of Oulastrea. A few 
sponges and sea squirt could also be seen on the rock surface. Only two Oulastrea 
colonies were observed to be invaded by sponges. Overall, the effects of other 
organisms on the growth and mortality of Oulastrea colonies appeared to be minor 
when compared to that of macroalgae. 
In this study, the focus was on the effect of algae on corals, but not the other way 
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around, impact of corals on algae. De Ruyter van Stevninck et al. (1988) 
demonstrated that coral species reduced the growth rates of Lobophora variegata 
blades by about 35%, when the algae were in contact with corals. While most of 
the studies on coral-algal interactions only focused on the effect of algae, it is worth 
to consider the effect of the corals on algae so a more complete picture of the 
interactions between corals and algae could be obtained. Moreover, the effect of 
herbivory on algae was not evaluated in this study. Quite a lot of snails and sea 
urchins were observed to graze on Lobophora and other algae. Herbivory would 
reduce the algal populations (Hughes 1994)，hence could mediate the influence of 
algae on corals. 
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Table 4.1 The results of Tukey's test showing the division of the mean recruitment 
rates of colonies of Oulastrea crispata in different treatments into different subsets. 
Subset 
Treatments N  
1 2 
Unmanipulated controls 3 1.33 
Disturbance controls 3 6.90 6.90 
Clearance treatments 3 23.1 
p-values 0.643 0.078 
Table 4.2 The results of Tukey's test showing the division of the mean partial 
mortality frequency of colonies of Oulastrea crispata in different treatments into 
different subsets. 
Subset 
Treatments N  
1 2 
Disturbance controls 3 0.286 
Clearance treatments 3 0.319 
Unmanipulated controls 3 0.786 
p-values |o.911 1.000 — 
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• M 
Figure 4.1 Picture showing one of the experimental rocks. The squares with 
lighter colour (marked C) were sections of the rock surface subjected to the clearance 
treatments. The unmanipulated and disturbance controls could not be clearly 
distinguished in this picture but are marked with A for the unmanipulated control and 
B for the disturbance control. 
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Figure 4.2 The mean (土 S.D.) recruitment rates of Oulastrea crispata colonies in 
quadrats on the three experimental granite rocks that were subjected to different 
experimental treatments. Similar letters above each treatment indicate no 
significant difference between treatments (Tukey's test, p>0.05). No recruitment 
was recorded on rock#l in unmanipulated controls and on rock#2 in disturbance 
controls. 
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Figure 4.3 The mean (土 S.D.) mortality rates of Oulastrea crispata colonies in 
quadrats on the three experimental rocks that were subjected to different 
experimental treatments. No mortality on rock #2 in the disturbance controls. 
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Figure 4.4 The mean (土 S.D.) absolute growth rates (AGR) of Oulastrea crispata 
colonies in quadrats on the three experimental granite rocks that were subjected to 
different experimental treatments. 
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Figure 4.5 The mean (土 S.D.) partial mortality frequency of Oulastrea crispata 
colonies in quadrats on the three experimental granite rocks that were subjected to 
different experimental treatments. Similar letters above each treatment indicate no 
significant difference between treatments (Tukey's test, p>0.05). 
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Figure 4.6 Picture showing the bleaching of some polyps (arrow) of an Oulastrea 
crispata colony after being overgrown by Lobophora variegata. 
_ 
Figure 4.7 Picture showing the death of some polyps in an Oulastrea crispata 
colony because of overgrowth by Lobophora variegata. The dead polyps are 
indicated by the arrow. 
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Figure 4.8 Picture showing the algal species Lobophora variegata and how 
sediments are trapped between the thalli. The sediment and the algae are indicated 
by arrows. 
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Chapter 5 
Summary and perspectives 
This thesis research is the first longer term (4 1/2 years) study on the growth and 
population dynamics of a scleractinian coral in Hong Kong. It focused on several 
aspects of the demography of the pioneer coral species, Oulastrea crispata, including 
the monitoring of its seasonal and annual rates of recruitment and whole colony 
mortality, the partial mortality frequency, growth and changes in its population 
structures. It also examined the parameters associated with the colony, including 
colony area, perimeter, geometric diameter and corallite number, that can best be 
used as a descriptor of its growth over time. Competition between macroalgae and 
Oulastrea crispata and its effects on coral population dynamics were also evaluated. 
The reproductive strategy of Oulastrea crispata is characterized by multiple 
spawnings throughout the whole year. Histological study (Lin 2003) showed that 
the gametes of Oulastrea crispata exhibit asynchronous development so that gametes 
of different stages are present in a polyp at the same time. The recruits of Oulastrea 
could thus be recorded in every season, as shown in this study, and recruitment is a 
continuous process but with seasonal and annual fluctuations in its rates. The 
highest recruitment rate on the three experimental granite rocks was recorded in 2000 
winter (7.72 士 9.25 recruits/m^ ), and the lowest in 2002 autumn (0.34 士 0.30 
recruits/m^ ). Recruitment was not recorded every season on the natural substrata. 
It also fluctuated seasonally. The recruitment rate on the natural substrata was 
highest in 2000 winter (4.67 士 5.89 recruits/m^ ), and lowest in 2001 spring and 2002 
spring (0 recruits/m^ ). The fluctuation in recruitment rates may be due to the 
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different availability of larvae over time, rather than due to fluctuations in physical 
environmental factors like temperature. Continuous gamete productions, with 
multiple spawnings in a year，allow Oulastrea crispata to quickly occupy any space 
that opens up and to out compete other sessile organisms such as algae, oysters, 
barnacles or other corals for pre-emption of space. Oulastrea crispata is thus 
endowed with the characteristics of a typical pioneer species. 
The whole colony mortality of Oulastrea crispata on the three experimental granite 
rocks was also variable seasonally, with the lowest mortality rate recorded in 2001 
winter (1.64%) and the highest in 1999 summer (10.11%). However, the variation 
of annual mortality rate was not high. The mortality rate of colonies on the natural 
substratum was the highest in 2000 winter and 2001 winter (2.69%), and the lowest 
in 2001 spring, 2001 autumn, 2002 summer and 2002 autumn (0%). Different 
cohorts of corals recruited on the three experimental granite rocks at different 
seasons exhibited high whole colony mortality rate at the beginning, within a short 
period after recruitment, but the mortality rate stabilized after several seasons. 
Much more juvenile colonies suffered whole colony mortality while most mature 
colonies suffered partial mortality. The possible factors causing coral mortality 
include the cover by algae, sedimentation and competition with other organisms. 
Sigmoid curves or quadratic equations were best fitted (with highest r^ ) to describe 
the different growth curves of Oulastrea crispata colonies over time. The growth 
was slow at the beginning. This was followed by a faster growth rate that 
eventually slowed down. The absolute growth rate of Oulastrea colonies on the 
experimental granite rocks was lowest in autumn (0.074 士 0.249 cm A00 days) and 
highest in winter (0.361 士 0.135 cm^/100 days). Compared with other coral species 
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in tropical regions, the growth rates of most of these other species are high in warmer 
season. This might be another example showing the opportunistic characteristic of 
Oulastrea crispata. Oulastrea has a high growth rate in cold season so it could 
occupy more space in the period when the growth rates of other coral species are low. 
This increases the chance of Oulastrea crispata to compete with other coral species 
for space. Coupled with its reproductive strategy of having spawning events mainly 
in spring (between May and June) and summer (September) (Lin 2003), new recruits 
of Oulastrea crispata can maximize their chances of surviving in winter when they 
can escape whole colony mortality. 
The mean absolute growth rate of Oulastrea in the first year was relatively low, only 
0.302 (士 0.461) mm/month in geometric diameter when compared to the published 
growth rates for other coral species, e.g. Acroporidae (1.4 - 2.3 mm/month), 
Agariciidae (0.8-2.8 mm/month), Poritidae (0.6 - 2.4 mm/month) and Faviidae (0.4 -
1.7 mm/month) (cited in Lam (2000)). The low growth rate of Oulastrea may be 
due to its strategy of having to allocate energy for reproduction throughout the whole 
year. Thus, more reproduction, which leads to more chances of recruitment success, 
may be more important as pre-emption of new spaces is more important than growth. 
In this thesis study, the effectiveness of four parameters, including colony area, 
perimeter, geometric diameter and corallite number, in measuring growth was 
evaluated. These four parameters were inter-correlated and the result of this study 
showed that any of these four parameters could be used to measure coral growth in 
Oulastrea crispata. However, colony area may be the best parameter as it showed 
the highest correlation with the other three parameters. It also performed better 
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under the situation where partial mortality would result in the fragmentation of the 
coral colony. The use of colony area to measure growth of corals may also be 
applied to other coral species, especially at the early stages of their growth when the 
vertical increase in their height is not prominent. Partial mortality is common 
among coral colonies. Hence, use of colony area as a descriptor of coral growth 
may minimize the biases due to partial mortality that are associated with the use of 
other parameters. 
Three manipulated treatments were set up to evaluate the effect of algae on the 
demographic parameters of Oulastrea. The recruitment rate and the frequency of 
partial mortality of Oulastrea colonies were found to be highly affected by the 
encrusting alga, Lobophora variegata. These coral colonies were observed to be 
overgrown by the algae. On the experimental granite rocks, other coral species, 
including Favia spp., Favites spp., Platygyra spp. and Pontes spp. etc.，were also 
found. Most of them, even some species with small corallite size, were not 
observed to be covered by L variegata. The mechanisms behind these algal-coral 
interactions are not clear. A possible lack of allelopathy or defending tentacles in 
Oulastrea was suggested but further investigation is needed to verify this. 
Oulastrea crispata is only one of the 84 coral species found in Hong Kong. It is a 
species that often appears first on any bare space. While it is not the most dominant 
corals in Hong Kong or elsewhere in other parts of the world, it is easily found and 
could be quite dominant in very shallow subtidal area (< -1 m CD). The life span of 
any Oulastrea colony is not known, but judging from the size of some larger colonies 
on the natural substrata which are >50 cm^ in area, some of them could be >40 years 
old. 
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The approaches and methodologies employed in this present study to assess the 
population dynamics of Oulastrea crispata can well be applied to other coral species. 
Some modifications may be needed especially for longer term studies when the 
vertical dimension of colony growth may become significant. Sampling 
frequencies for recruitment studies for other species may also be reduced as many of 
these other species mass spawn only within a very narrow period within a year, 
hence continuous recruitment throughout the year is not expected. Seasonal and 
inter-annual variations in mortality rate or partial mortality frequency of other coral 
species should also be examined. Moreover, the seasonal change in absolute 
growth rate of other coral species can be further studied to see whether a high growth 
rate in winter is a common phenomenon for subtropical corals or just for some 
unique coral species like Oulastrea crispata. Furthermore, for coral algal 
interactions, the effect of corals or herbivores on algae can be explored for a detailed 
understanding of these interactions. 
This thesis research is the first longer term (> 2 years) study on the population 
dynamics of a coral species in Hong Kong. It is just a start to understand the 
dynamics of coral populations in a subtropical region like Hong Kong. Similar 
longer term study on the population dynamics of other coral species are needed in 
order to better understand the biology of these corals. If information on the growth 
and population dynamics of other coral species becomes available, then a more 
complete picture about the population ecology of coral species in such a marginal 
environment can be obtained. This type of baseline information is critical for the 
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